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STEPPING STONES TO SUCCESS IN THE PRACTICE 
OF SURGERY 


R. L. SANDERS, M.D. 
MEMPHIS, TENN. 


HE DISTINCTION which you conferred on me in my election 

to the presidency of this association has for me a peculiar signifi- 
cance. Living outside its geographic limits, I considered it a special 
privilege to be welcomed into your group several years ago. For the 
same reason, the knowledge that you honored me with your highest 
office is all the more precious. Again, let me say, as I said to you last 
vear, that of the seventeen professional societies to which I belong the 
fellowship and inspiration of this membership have meant more to me 
than those of any other. 

My remarks on this occasion will deal with a familiar theme. The 
subject was chosen largely because it is my belief that the high calling of 
surgery demands the most rigorous standards of admission, the most 


thorough preparation of those who would enter its ranks. The opinions 


expressed bear repetition in that they are the opinions of men whose 
experience and vision enable them to see clearly the virtues and faults 
of our present system of selecting and training prospective surgeons. 

In the first place, let me make myself clear on this point: Success in 
the practice of surgery is not defined in terms of dollars. All the vast 
wealth of this western country—the rich oil fields, the great cattle 
ranches and broad expanses of wheat fields—could not buy the qualities 
essential to real success in the practice of surgery. Rather, that success 
depends on the personal and scientific fitness of the candidate. 

If one should ask me what is the primary requisite to a successful 
career in surgery, I would say that it is an irresistible urge to a life of 
service. It is my conviction that the true physician or surgeon is called 
into his vocation no less than the minister is called into the ministry, 
since both professions are devoted to humanitarian pursuits. 

Many successful surgeons experience this urge at an early age. My 
own decision to become a surgeon was made unexplainably but clearly at 
the age of 15. The majority, however, are influenced by some outside 
contact, some relative or friend in the profession or some inspiring 
incident. It is true that some are attracted to a surgical career by the 
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glamor of the operating room, the drama of the operative procedure, the 
spectacular results obtained and the special aura with which the success- 
ful surgeon seems to be surrounded. This influence is not to be despised 
if they are also impelled by the basic desire for service. 

Several years ago, I received a letter from a man who directs the 
lives of young college students. He asked me to write an article on 
the subject, ““Why a Doctor?” He had sent a similar request to a 
minister, a lawyer, a merchant, a farmer and others, with the idea of 
giving his students some information as a guide in the selection of a 
career. His letter gave me an opportunity to say that no man should 
be a physician if he can help it, but if he possesses the desire so strongly 
that it seems to come from a higher plane, then he may, provided he 
has the necessary attributes, follow the urge with the assurance that 
success will come to him. 

Unfortunately, a few are motivated largely by the financial prospects. 
These, however, debase the profession as well as themselves and, regard- 
less of their financial success, are not true surgeons. The true surgeon, 


in pursuing his ideal of benefiting his fellow man, may gain financial 
rewards and personal glory, yet these are incidental to his happiness 
except so far as they enable him to enlarge his field of usefulness. 
Without doubt, there are certain persons who are so endowed by 
nature that they can make a success of any one of a number of pro- 


fessions. Aside from these, unless the prospective medical student has 
an undeniable impulse to devote his life to the welfare of others, he will 
do better to choose some other career. The lack of this incentive prob- 
ably explains why a number of doctors abandon practice to go into some 
other work. 

The second factor in the surgeon’s success is his fitness for the pro- 
fession, including both his personal qualifications and his scientific 
training. I firmly believe that we need to revise our present method 
of selecting and training medical students. In the first place, too much 
emphasis is placed on scholastic standing. A number of us here today 
would never have become surgeons if our scholastic records had been 
the sole basis of our admission to medical school. More attention should 
be given to the student’s physical condition, his personality and his moral 
and ethical values. 

In the matter of studies, the prospective surgeon’s training should 
be directed primarily toward the making of a good physician. Major 
surgery should not be taught solely by surgeons, since they are prone 
to stress technical skill and overlook surgical principles. It should also 
be taught by medical men, who have no interest in technic. Further, 
in some medical schools, the different departments are not properly 
integrated. The professors teach their own special work, and little or 
no effort is made toward correlation of the various fields. As Dr. 
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Zimmermann stated in his address before this society last year, specializa- 
tion should be inclusive and not exclusive; if one acquires special 
knowledge or skill in some field, it should be in addition to, not at 
the expense of, basic knowledge in medicine. No doubt, each of you 
can recall cases wherein overspecialization, without regard to the patient 
as a whole, has cost dearly in suffering and even loss of life. The best 
place to prevent such practices is in the medical schools, through provi- 
sion of a solid background in the fundamental sciences and clinical diag- 
nosis, while overtraining in any of the specialties is avoided. 

In his presidential address before the American Surgical Association 
in 1948, Gallie discussed this same problem, particularly with respect to 
the surgical training of students. He pointed out that college students 
are receiving ten times as much training in surgery today as in 1903. 
In addition, those who intend to become specialists in surgery are 
required to take five years of supervised graduate study and pass rigid 
examinations. In view of these postgraduate requirements, why, he 
asks, is so much of the student’s time given to surgical studies in the 
schools? For those who will go into general practice or public health, 
or some other nonsurgical field, this is largely a waste of time and effort. 
I thoroughly agree with Gallie that it would be far better if every student 
were required to spend more time in learning the basic sciences and 
less in surgery. 

The present program not only permits the graduate to undertake 
operations of which he is incapable but it places him in competition with 
properly trained surgeons. Moreover, our licensing boards encourage 
this evil by granting licenses covering surgery as well as medicine. The 
time has come when organizations such as ours should take steps toward 
having our state legislative bodies change the licensing forms, giving 
graduates license to practice medicine, but not surgery, until they have 
been qualified by postgraduate training and have passed examinations 
to prove their worthiness. Recognized hospitals should cooperate in 
this plan by denying the use of their operating rooms to those without 
such certification. We have no quarrel with the licensing boards; they 
do not understand the situation. Nor are the lawmakers aware of this 
state of affairs. Undoubtedly, if they realized the dangers in the present 
method of granting licenses, we could easily gain their support in having 
the laws changed. 

Once the student has completed his college work and his internship, 
he can continue with his postgraduate studies or can go into general 
practice for a time, deferring postgraduate work until later. The choice 
today is almost invariably for immediate postgraduate training, with 
the view of passing the American Board examinations. These examina- 
tions, however, take into account largely the science of surgery and the 
development of technical skill. Important as such knowledge is, it is 
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only half the battle. The other half depends on the prospective surgeon’s 
fitness for his work in the broadest sense of the word, and this fitness 
is best attained through several years of general practice. By actual 
experience, he learns how to make diagnoses, to treat disease and to 
appreciate the need for medical as well as surgical therapy. He develops 
self reliance and ingenuity. He acquires the indispensable faculty of 
getting along with people. When I left the Mayo Clinic after my resi- 
dency there, Dr. Will’s parting words to me were: “Seventy-five per 
cent of your ultimate success will come from knowing how to handle 
people; the other twenty-five per cent from good surgery.” He under- 
stood the value of an ability to command both the respect and the 
affection of others, the powerful influence of the humanitarian approach. 
There is no better school for gaining this ability and influence than in 
general practice. 

This leads me to a consideration of the mental and moral attributes 
of the true surgeon. Most of these qualities are inborn; others may be 
cultivated. All are priceless ingredients of success. Fortunately, they 
are usually a part of the native equipment of those who are inspired to 
a surgical career. 

Probably the most essential of the mental attributes is sound judg- 
ment. The surgeon must know both what to do and what not to do. 
He must be able to choose correctly between the good and the evil, espe- 
cially when the welfare of his patients is concerned. Good judgment is 
the product of a logical mind. Often, it is inherent; again, it is largely 
a matter of training. 

Among the chief components of good judgment are imagination and 
the power of observation. While imagination is a gift, observation is 
an art and should be cultivated by every one who aspires to become a 
surgeon. Every scientific discovery has sprung from these two qualities. 
In the surgical world, they lift their possessor above the common level; 
they enable him to discover new truths and to apply them effectively 
and thus to increase the scope of surgical art and science. 

Good judgment also goes hand in hand with equanimity. No one 
is under such constant tension as the surgeon. Even in the best of 
circumstances the operation is fraught with momentous possibilities, 
and in this atmosphere it is vital to his patients that he keep a cool head 
and a steady hand. In his contacts outside the operating room, also, 
he is daily called on to face critical situations and to make profound 
decisions, often on the spur of the moment. Under these conditions, a 
calm mental attitude may avert disaster. Woodrow Wilson once said, 
“One cool judgment is worth a thousand hasty councils.” How true 
this is of the practice of surgery, wherein even one mistake may not be 
corrected by a thousand hasty councils! 
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Of the moral attributes, there are three above all others which 
characterize the true surgeon. These three are honesty, humility and 
charity. Honesty enables him to keep inviolate the sacred trusts of the 
profession and deal fairly with his patients and his fellow man in 
general. Humility enables him to realize his own limitations, to remain 
conscious, even in moments of triumph, that he is but an instrument of 
divine grace and thus to be preserved from the abomination of vanity. 
Charity enables him to look with tolerant eye on the weaknesses and 
errors of others. Here, let me say that the real test of our charity lies 
in our attitude toward the efforts of our confreres, whether we acknowl- 
edge their achievements with appreciation rather than with envy, realizing 
that they are inspired by a mutual devotion to the common good. Even 
we older surgeons are at times guilty of uncharitableness in these 
respects, especially toward the younger members of our profession. 
Such an attitude is an unflattering reflection on ourselves. DaCosta 
gave pungent expression to this thought. In his words, “Many a young 
man climbing up the ladder of success has been knocked off by an old 
one coming down.” Rather than disparage their efforts, let us encourage 
these young men by every possible means. Among them are the 
outstanding surgeons of tomorrow, and by cutting word of tongue or 
pen we may be destroying the buds of some important contribution to 
surgical progress. 

Essential as these mental and moral virtues are to a successful career 
in surgery, the real substance of success lies in a capacity for diligent 
endeavor. He who does not possess this capacity to an almost limitless 
degree is doomed to mediocrity, if not complete failure. The surgeon 
who loves his profession, however, is happiest in complying with its 
stern demands. He fulfils each duty, not through a sense of compulsion 
but because of the joy of accomplishment. The urge which prompted 
him to become a surgeon in the first place continues to sustain and 
inspire him in every undertaking. 

Nor should the surgeon’s labors be wholly selfish in intent. His 
ideals are served not merely by following in the footsteps of his precep- 
tors but by striving to develop better methods of diagnosis and treat- 
ment. To this end, he needs to have his mind sharpened and his 
enthusiasm stimulated by encounters with new problems. Attendance 
at medical meetings, personal investigation and writing are all excellent 
mediums for such purposes ; all contribute to the upward progress of the 
surgeon and of surgery as a whole. 

After a period of years, the surgeon reaches a time when he can 
look back on a rich accumulation of experience and a considerable 
number of worth while achievements. This, however, is not the whole 


object of his existence. Whatever of luster he may have acquired, he 


is impelled by the tenets of the profession to use it as a torch to illumine 
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the pathway of others. It is his privilege and obligation to impart his 
experience, his fund of knowledge, to those who will come after him. 
Some of the most renowned surgeons of all time have gained their fame 
largely through the students whom they have trained. Their greatness 
lay in an ability to instruct not merely in technical skill but in the value 
of a surgical conscience, the necessity for observance of scientific truths 
and investigation of new theories. 

The entire structure of surgery rests largely on those who are placed 
in charge of its teaching. Surgery is good or bad according to the 
principles and practices which they inculcate in its students. Thus, 
while adhering to such teachings as have stood the test of time, it 
behooves the instructors to discard those which have been tried and 
found wanting. If necessary, they should not hesitate to become icono- 
clasts, to destroy the idols of tradition which clutter the paths of surgical 
advancement. We still cling to many of the wrongful practices of fifty 
years ago. Almost daily in the operating room I find occasion to refer 
to the good and evil influences of tradition. Habit is difficult to change, 
but the useless and even harmful traditional procedures can be elimi- 
nated. i know of no activity of the surgeon which is more far reaching 
in its effects, no higher service he can render than that of supplanting 
outworn practices by newer, saner and more physiologic methods 
through proper instruction of students in the classroom and operating 
theater. 

When the surgeon arrives at what he considers the height of his 
career and feels that he has attained a measure of success, he may at 
times like to reflect on the essences of that success, those elements which 
constitute the real crown of his efforts. In my opinion, these are three: 
first, the consciousness of having always observed the code of the pro- 
fession to the best of his ability; second, the realization that he has 
seized every opportunity not only to increase his scientific knowledge 
in order to render the best possible service to his patients but also to 
promote the betterment of surgical science and art in general, and, 
third, like the frosting on the cake, the privilege of sharing in the 
scientific and social activities of groups such as the Western Surgical 
Association. 





MEN OF TWO WORLDS 


HENEAGE OGILVIE, M.D. 
LONDON, ENGLAND 


I CANNOT tell you what pleasure it has given me to exchange the 
gloom and fog of a London winter for the sparkling sun of Southern 
California and, in place of the colleagues with whom I have been exam- 
ining for the last four weeks in the finals of the Fellowship of the Royal 
College of Surgeons of England, to find myself once more in that spirit 
of warm hospitality and overflowing enthusiasm that characterizes the 
surgeons of America. It is still a matter of wonder that this tremen- 
dous transformation in time, place and circumstance can be brought 
about in the space of four days. 

The transatlantic flight produces a liberation of the spirit that is not 
experienced in any form of surface travel or even in air journeys over 
land routes. Traveling for a few hours at a speed and a height at 
which life would be impossible were it not for the aluminum shell that 
protects them and the warmed and compressed air that surrounds them 
and lifted far above sight of the earth they left a few hours before and 
the buffeting of the winds and clouds that play in the lower atmos- 
pheres, the group of passengers become for the time being the inhabi- 
tants of a new planet. They are drawn to each other as fellow nationals 
of this temporary state and hasten to make the most of a comradeship 
that is essentially ephemeral, untrammeled by past association or provi- 
sion for the future. To the companions of a day they can speak of their 
innermost feelings with as much frankness as they would to an anony- 
mous priest in the darkness of a confessional. 

The giving and receiving of frank confidences is of the essence of 
true friendship, and yet it is uncommon among the best of friends and 
far too uncommon even between man and wife. The urgent need to 
unburden his heart drives the Catholic to his priest, the Negro in Africa 
to his witch doctor and in the States to the revivalist preacher. It 
drives the ordinary man to the psychiatrist, not that he necessarily 
expects to derive lasting benefit but that he is delighted to find someone 
who will listen to his story and go on listening as long as he goes on 
paying fees. Frankness is of the essence of surgical advance. I have 
known many professors of surgery. They were all great men, but too 
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many of them were ready to admit it themselves. They were chiefs 
with followers, prophets accompanied with disciples, and as the years 
went by they became more aloof, more academic, more pontifical, more 
critical of others and less critical of themselves. I have known other 
great surgeons whose chief ambition seemed to be that they might give 
to every surgeon in their group the chance to do the best work of 
which they were capable. Such a man was Will Mayo. Such men are 
Evarts Graham, Howard Naffziger, Arthur Allen, Ed Gallie and many 
other Americans whom I have been privileged to meet and from whom 
I have delighted to learn on my visits to your country. These men are 
not so much leaders followed by yes men as friends surrounded by a 
crowd of eager why men. They have kept young and progressive 
because they lived in an atmosphere of criticism and remained through 
life their own frankest critics. 

You have done me the great honor to invite me to the meeting of 
your Society. I should ill repay your kindness if I did no more than 
tell you what fine fellows you are and what a dominant part your 
country plays in the domain of surgery. You know it already, and the 
mere fact that I have traveled 5,000 miles to meet you again and that 
all my friends and colleagues in Britain make the same pilgrimage 
whenever and as often as they can manage to do so is proof of my 
admiration and of that of my countrymen. I feel that it would be more 
constructive if I told you where I disagree with what I conceive to be 
current American teaching and practice, so that you, in turn, can tell 
me where I am wrong. 

On my first visit to America, twelve years ago, I kept a diary. The 
summary of my impressions, which I am sorry to say some of you have 
seen, contains the sentences, “America is a young country, and the 
Americans keep many of the qualities of the child. They are restless, 
full of abundant energy, basically simple in outlook and taste, slow to 
think or speak unkindly of anybody, always asking questions, always 
anxious for approval, delighting in anything new hecause it is new, 
amused by humor of the practical schoolboy type.” These qualities 
characterize and tend to dominate your surgery. So magnificent have 
been your contributions, so great is the support you have received from 
every branch of allied science, so brightly is the torch of inquiry burning 
today that there seems to us from the Old World a tendency among 
some of you to look on change as meaning improvement, on motion as 
synonymous with advance. Advance means progress to something 
better and not progress to something new, and some of the most signifi- 
cant advances have lain in the rejection of innovations and the redevel- 
opment of methods once rejected. 


Surgery is a postgraduate study, and you can make a good surgeon 
only if you have a good doctor to work on as raw material. It is beyond 
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me to discuss educational methods, but I suggest that the chief business 
of medical education is to teach the student how to think and not what 
to think. I would put forward two further propositions: First, that 
in the training of the undergraduate the basic principles of applied 
pathology, clinical investigations and physiologic therapeutics far out- 
weigh in importance the latest teaching from the laboratory; and, sec- 
ondly, that the student can best be made to think by being given 
responsibility at the outset, by being allowed to get his teeth into prob- 
lems and helped when he is in difficulties rather than by having those 
difficulties smoothed out for him before he meets them. A Guy’s 
Hospital student, the first day he enters the ward, is given complete 
but supervised responsibility. He is allotted a number of beds, and to 
the patient in each of those beds he is the doctor or rather one of the 
puzzling hierarchy of doctors that he finds confronting him. The stu- 
dent, as yet completely ignorant except for a training in the basic 


sciences, takes the history and writes it down, examines the patient 

and records his findings, makes a diagnosis and commits it irrevocably to 

vaper. While he is doing this his houseman may chat the case over 
g ) 


with him. Next morning the registrar asks him to read out his report 
and then only comments on it and tells him to write it out again. In 
the afternoon his chief comes around and asks once again for the report ; 
he too makes his comments and, after examining the patients, gives his 
opinion and decision. At the end of three months the student has learned 
a great deal, because the facts have been acquired by him and the deci- 
sions have been his own, and only after he has made them were they 
criticized and amended. Each case observed and each fact recorded 
will remain permanently in the storehouse of his memory, since he put 
it there himself and did not receive it from book or teacher. Six months 
later he comes back to the surgical wards as a junior dresser. He has 
the added responsibility of preparing patients, assisting at operations 
and looking after the patients afterward; always with a senior in the 
background but always with the knowledge that he is a responsible 
member of the team. He has tasks that are essential to the running of 
the hospital, with every opportunity to observe and to learn for himself 
and supervision rather than instruction, but with any number of more 
experienced men anxious to help him when he needs help. This system, 
the allotting of responsibility in increasing degrees to medical students 
throughout their clinical course, implies that the essential work of a 
surgical unit is distributed to those at all stages of training. It there- 
fore implies continuity throughout the year and so prohibits a vacation 
allotted to all students at the same time. 

I have seen all too little of American medical education, but such as 
I have seen has made me wonder if it might not be improved in two 
respects. The first is the one I have touched on, the abolition of a 
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vacation. The medical student, till he has graduated in the basic 
sciences, is an undergraduate. Once he steps into the wards, like Saint 
Paul he has put away childish things, including guaranteed calendar- 
marked vacations. The students of any year can get all the vacations 
they need or desire by mutual arrangement; but if they insist on taking 
them as a body at the same time they forego the privilege of being 
accepted as doctors in the embryo, men learning to wrestle by them- 
selves with the problems and to make on their own responsibility the 
decisions with which the whole of the rest of their lives’ work will be 
concerned. 

The second aspect of American clinical education, as I have seen it, 
that has worried me is the large amount of teaching, and particularly 
of teaching on advanced subjects, that is given to the students before 
qualification. Teaching and learning are not two sides of the same 
problem but rather are they incompatibles, for, on the whole, the more 
and the better a student is taught the less does he really learn, that is, 
absorb into his inner fiber. The elements of clinical medicine can be 
learned only at the bedside, by question and answer, by example and 
by discussion in small groups, and it is the elements of medicine that 
are important to the doctor in the making. The study of the reactions 
of the living body to injury and to the assaults of bacteria, the prob- 
lems of nutrition and of salt and fluid balance, the mechanism of growth, 
repair and senescence; the careful inquiry into the history of a disease 
and the assessment of the relative value of the facts that have emerged 
and of their absolute value in regard to the person who has related 
them ; the examination by inspection, palpation, percussion and ausculta- 
tion and by the simple instruments that are used at the bedside, and the 
importance in therapy of rest, mental and physical, diet, good nursing 
and symptomatic as well as specific treatment are all the basis of medi- 
cine. They will form the background of the doctor’s knowledge through- 
out his life, and in acquiring them he will learn wisdom. Beside them 
the latest advances of radiodiagnosis, the newest biochemical tests, the 
most modern theories of disease and the up-to-date chemotherapeutic 
methods are matters of the moment that will be out of date before he 
is half way through his career. What I fear is that an insistence on 
instruction rather than inquiry, on the passive rather than the active 
acquisition of knowledge, and an undue prominence given to the most 
forward fringes of knowledge rather than to the great body behind it 
may tend to produce a doctor who knows all the answers but who cannot 
frame his own questions, who has not the judicial background to form 
an opinion on problems that are new to him or to assess the value of 
new methods put forward for acceptance. 


For American writings I have nothing but admiration, and par- 
ticularly for American surgical journals. Just as I long to buy six new 
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automobiles and any number of “bold” hats, shirts and ties whenever 
I turn over the pages of Esquire at my dentist’s, so when I receive my 
copy of Surgery, Gynecology and Obstetrics I marvel at the story of 
surgery in the making that its pages present. There are a few things 
I regret, i. e., the Harvard system of references, which has unfortu- 
nately overrun British journals as well, the passion of many of your 
writers for statistics and the cult of the new for its novelty. 

The Harvard system is a wrecker of good style. How often do we 
read a sentence like the following: “The first enthusiastic accounts of 
the operation (Eisenhammer 1936, Wanoff and Popovitch 1938, Smith, 
Hagelund and Spitz, Antonini and Falla, Lebrun and Briand 1939, Van 
Tromp et al 1940) have been followed by a more cautious attitude 
(Edelsten and O’Reilly 1942, Whiting, Julian and Callahan 1943), 
and within the last year the opinion has gained ground that the initial 
success is usually followed by a relapse (Bullock and Bullard 1945, 
Price, Wynekoop and Goldstein 1946, Gluck, Blom and Pfannensteil 
1948).” How much better a few numbers referring to references at the 
end. I have tried to reintroduce the older system into the journal which 
I edit, but so far without success. 

Statistics are all very well in their place for those who like them, 
to point a moral and adorn a tale. But some modern surgeons seem 
to start with the view: “What is the good of buying a Hollerith machine 
and hiring a publications secretary if I don’t use them?” And they 
so overload their articles with valueless analyses that the personal views 
for which the reader is waiting are crowded out by a mass of figures. 
The place for statistics, except those of major importance, if we must 
have them at all, is in a postscript and in small type. 

The cult of the new is the Lorelei of science enticing the simple 
mariner to leave the sure guide of established surgical principles. I 
have often protested in our journals against the unnecessary and indis- 
criminate administration of fluids by the intravenous route. It is true 
that we can give a patient everything he needs by this method and keep 
him for six weeks if necessary in complete fluid, salt, protein and hemo- 
globin balance. But how often is it necessary? The best way to give 
fluids is by mouth. The best way to give proteins is in the way of eggs 
and beef steaks. The best way to restock red cells is to provide the 
body with the iron and the protein to make them. The best way to 
treat shock ‘s not to have it. When fluids and nourishment are given 
by mouth, tiie body selects and retains those constituents that it needs 
and rejects those that are unsuitable or surplus to requirements; when 
they are put into a vein the natural defenses against thermal, chemical, 
physical and bacterial insults are all outflanked, and the body gets what 
is coming to it by the administration of the chemist, the intern and 
the nurse. 
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Another instance in which we may be led astray is in regard to 
surgery of the colon. The new sulfonamide drugs can sterilize the intes- 
tinal contents; have they thereby made one stage anastomosis of the 
colon any safer? Many have assumed this, but infection is only one of 
the dangers that beset such an operation. The thinness of the colon 
walls, the fat blisters that distort them and hinder exact apposition, 
their poor blood supply, the alternating solid and gaseous nature of the 
contents and the explosive force with which they are shifted along at 
infrequent intervals by mass peristalsis are all factors that remain 
untouched by chemotherapy. If only a few patients die from leakage 
after one stage resections we may be well advised to consider whether 
this advance was well timed, whether we should not leave this forward 
observation post and return to our main lines. 

The main line of surgery is the battle between the human body and 
disease, where the surgeon stands as a general watching the fight, 
receiving reports and sending in reenforcements where they are needed, 
prepared to order a desperate sally in which he may lose some of his 
best troops if thereby the fight is more likely to be won but never inter- 
fering when the local commanders have the situation well in hand. The 
chief enemies of the body are the bacteria, but they have been enemies 
for so many millions of years that the body has elaborated a defense 
system against them that is perfect in every detail, yet capable of 
modification to meet any new weapons or unusual mode of attack, one 
that is seldom overcome. Thus it is a fundamental principle of surgery 
that the early stages of an inflammatory reaction should not be inter- 
fered with unless it is certain, or at any rate probable, that the reaction 
will fail to achieve its purpose. The acutely inflamed appendix is likely 
to burst early, without warning, and with disastrous results. The 
acutely inflamed gallbladder seldom bursts early and never without 
abundant warning often repeated. The acutely inflamed appendix can 
be removed easily and safely; the acutely inflamed gallbladder can be 
removed just as easily—or can it? 

You started emergency cholecystectomy. Many of our young men 
are following you. I myself hesitate to fall into line because I have an 
uncomfortable feeling that you have deserted surgical principles at the 
call of statistics. Surgeons have published series to show that a certain 


number of patients with acute cholecystitis have died from general peri- 


tonitis ; but how many of those who died had been watched carefully by 
an intern who relied on his five senses and his common sense rather 
than on slips of paper from the laboratory? The best automobile in the 
world will seize up solid a month after leaving the factory if it gets into 
the hands of a man who drives it at full speed without bothering about 
the stocks of oil and water. I personally have never seen a case of 
acute cholecystitis in ~zhich the gallbladder burst, nor have I heard of 
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one in the wards of the hospital in which I have worked for forty years. 
In my own practice I have only twice met a case of acute cholecystitis 
that failed to settle down and that required drainage. It is argued that 
the removal of an acutely inflamed gallbladder eliminates a uselzss and 
potentially dangerous organ without risk. Certainly the removal of an 
inflamed gallbladder from its bed is easy, far easier than the removal 
of an adherent or even a normal gallbladder, but the dissection of the 
duct junctions and the identification of the many anatomic variations that 
may be encountered in this deep and inaccessible region may be difficult 
and even hazardous when the parts are hidden and distorted by inflam- 
matory edema. The other side of the statistical picture is the incidence 
of common duct injury, which I believe to be far higher in clinics where 
emergency cholecystectomy is advocated than elsewhere. Here it is 
difficult to secure evidence, but, on looking through the indexes in the 
library of the Royal College of Surgeons, I find that in 1945 ten papers 
were published by American surgeons on injuries of the common bile 
duct and only one by a British surgeon, the report of a war injury to 
the duct by Walton. Since that time there have been nineteen papers 
by Americans on the same subject, including one this year by Waltman 
Walters on “the increasing frequency of injury to the common bile 
duct and hepatic duct,’ but only one British paper, reporting an injury 
in a street accident. There have, of course, been other cases. Since the 
war destroyed my practice and the years have brought me seniority I 
find I deal almost entirely with the major problems of surgery. I am 
never asked to do a simple appendectomy or to operate on a nontoxic 
goiter. I am seldom given hernias to repair before the third recur- 
rence. I see more jejunal ulcers and gastrocolic fistulas than I do 
gastric ulcers. But in the last five years I have operated on only three 
injuries to the common duct, and in each case the first operation had 


been done in clinics where surgery was practiced as an amusing hobby 
to dispel the tedium of general practice. I do not suggest that the level 
of British surgery is unusually high, but neither do I believe that 
British surgeons are so generous that they refrain intentionally from 


broadcasting the mistakes of others. We do not write about common 
duct injuries because we see very few, and we see so few because we do 
not as yet practice emergency cholecystectomy. 

I am on less sure ground when I suggest that another example of 
surgery misled by statistics is to be seen in the treatment of acute pan- 
creatitis. Pancreatitis was once a surgical emergency; now we are 
taught that it should be treated medically, that is, by prudent inactivity 
and hopeful expectancy. What has brought about the change? It is 
not a deterioration in surgery nor an amelioration in the disease but 
simply statistics. In 1910 pancreatitis was a surgical emergency, a 
general peritonitis with extreme shock, ileus and fecal vomiting. The 
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patients were operated on. Some recovered, and some died. In 1949 
pancreatitis is a laboratory diagnosis. The word now means “bellyache 
with a raised diastase index in the urine,” and any series reported is 
made up for the most part of cases of mild abdominal upsets that would 
never have been recognized as such before the discovery of this labora- 
tory test and that would certainly never have merited an operation. It 
is natural, therefore, that the mortality of pancreatitis as seen today is 
negligible when compared to the mortality of pancreatitis as seen twenty 
years ago; but it does not necessarily follow that expectancy is the 
right treatment for every type of fulminating inflammation. Whereas 
the mortality of operation in such cases is at least 30 per cent, the 
mortality without operation is probably 60 per cent, and the morbidity 
in those that recover is greater. The inflamed pancreas is pouring 
trypsin into the peritoneal cavity, damaging further areas of pancreas 
that in turn pour out more trypsin, destroying fat, inducing everywhere 
a chemical peritonitis that later becomes bacterial and paralyzing the 
walls of the bowel. Laparotomy and simple drainage bring no added 
risk, but they insure that further leakage is to the surface, where it is 
harmless. I think that we are seeing the results of conservatism today, 
not alone in an increased mortality in the fulminating case but in sloughs, 
fistulas and recurrent attacks of pancreatitis. 

There is one aspect of recent American surgical literature that we 
in Britain fail to understand, and that is the advocacy of ligation of the 
large veins to treat or avert thrombophlebitis and pulmonary embolism. 
What thrombophlebitis? What embolism? Both have become com- 
plications of the utmost rarity in the surgical wards. Reading a recent 
article by one of the ablest advocates of venous ligation, I learn that 5 
per cent of the patients have further infarcts after ligation, 1.5 per 
cent have wound infections, 1 per cent have hemorrhage, 4 per cent 
have lymphorrhea, all have some swelling of the legs and some have to 
wear supports for six months. A surgeon who proposed an operation 
with this morbidity as a treatment for thrombophlebitis as we see it 
would be referred to a psychiatrist. That responsible surgeons advocate 
it in America suggests that with you postoperative thrombosis is more 
of a problem. 

In regard to venous thrombosis we know that increased coagulability 
of the blood, damage to the vessel walls and a retarded blood flow all 
favor its occurrence and that old age, sepsis, trauma and immobilization 
are the chief factors associated with its incidence in the surgical wards. 
All these we seek to avoid. We try to operate atraumatically, to cut 
cleanly, to retract gently, to avoid blood loss and to close dead spaces. 
Yet while we pursue gentleness, we are apt to ignore the fact that the 
most significant and dangerous and the most easily avoided form of 


trauma is time. During the whole time that a patient is undergoing 
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an operation his vital mechanisms are working on a lower plane. His 
circulation is doing its best to cope with novel substances, water from 
the tap, crystalloids from the chemist, corpuscles and proteins that are 
not his own. His tissues are dried and chilled, and even when they are 
covered by a saline swab they are exposed to an environment as alien 
to their normal one as it could be. Worst of all, his calves, thighs and 
buttocks are motionless and compressed against the table, and the 
diminished flow that reaches the femoral vein has to find its way under 
a Poupart’s ligament rendered taut by a position of full thigh exten- 
sion that is unnatural, These circumstances can be endured for an hour 
or perhaps for two, but when they continue for four, six or eight hours 
they amount to trauma of extreme degree. 

We in Great Britain have been more influenced by the surgery of 
North America than by that of any of the nations of Europe. We 
speak a common language, we have many traditions in common, we 
have seen together the earliest developments of those two essential 
accompaniments of good surgery—good nursing and good anesthesia. 
The great names of American surgery are as familiar and as revered in 
our country as in yours. Among these names none stands higher than 
that of William Ewart Halsted. Halsted was one of those giants, like 
Hunter and Lister, whose stature seems to grow as their figures recede 
farther into the mists of time. He did more than most men to transform 
the teachings of Lister into the practice of surgery as we see it today. 
He led in surgical technic, he founded the science of experimental 
surgery, he revolutionized the surgery of hernia and of the breast and 
above all he preached the gospel of gentleness. I know, therefore, that 
I risk making enemies in my own country no less than in yours if I 
venture to suggest that Halsted’s influence on American surgery has 
not been a wholly happy one, not because he was anything but a great 
man but because he towered so high above his contemporaries that he 
dominated their thought. His pupils became his shadows, and they in 
turn have left a generation of disciples who follow his precepts to the 
complete neglect of his principles, who carry out every detail of the 
theater routine of fifty years ago, when anesthesia was/crude and suture 
materials unreliable, with the blind devotion of a religious service in a 
foreign tongue. Trauma is, after all, not a matter of oe but of results, 
and the least traumatic surgeon is he whose wounds’ look best at the 
end of the operation and heal most rapidly and cleanly afterward, whose 
patients are fittest at the time and well soonest, and whose results are 
most permanently successful. I have seen surgery in every continent 
and of every quality, from the supreme artistry of a gastrectomy by 
McEvedy at Manchester to the cheerful carpentry of a circumcision by 
a witch doctor in a village on the slopes of Mount Kenya. The most 
traumatic surgery which I have seen, because it was unnecessary, has 
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been two radical amputations of the breast performed by third genera- 
tion disciples of Halsted. On each occasion I watched the start of the 
operation at 9 o’clock. On neither occasion did I see the end, for I 
had to leave at 1 o’clock when the operation seemed to be halfway 
through. I could feel with the axillary vein, itching under the profuse 
rash of black knots that covered it, I could sympathize with the chest 
wall asking for its skin cover back again, I could almost hear the legs 
crying for the chance to kick a little blood back into their compressed 
veins. It is idle to say that the results of such methods are better. 
They are not, and in regions in which I am able to judge, such as the 
surgery of the stomach, they appear to me to be much worse. A radical 
amputation of the breast can be done as well as is humanly possible in 
two hours. An operation on the gallbladder, a subtotal resection of the 
stomach or an abdominoperineal resection of the rectum should take no 
longer. A total gastric resection can be done on the same high standards 
in four hours or at most five. These are outside figures. Many expert 
surgeons can do the same operation with faultless perfection in 40 per 
cent of the time, but those who take longer are inflicting unnecessary 
trauma on their patients, a trauma that increases by geometric pro- 
gression as the hours slip by. 

In conclusion, I would express the hope that, in confining my 
remarks to those aspects of surgery in which I have not as yet followed 
American teaching, I have not lessened my claim to be among the most 
enthusiastic admirers of American surgery. I have criticized your 
undergraduate teaching chiefly because in my view it approaches too 


nearly to the postgraduate outlook. I regard your postgraduate teaching . 


as the best in the world, and I believe that in setting your faces against 
the multiplication of so-called higher degrees and specialist diplomas 
you are avoiding that morass into which we have fallen and into which 
we are sinking deeper every year, the division of medicine and surgery 
into a series of small corrals surrounded by barbed wire fences, within 
which the elect can practice without fear of competition or need for 
exertion and from which they can shout defiance at the inhabitants of 
neighboring pens. I admire your enterprise. I admire your courage. I 
appreciate above all the open-handed generosity with which you welcome 
any stranger, however unworthy, who comes to you for help. 
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HE PURPOSE of this communication is to present a method of 

restoring grasp and pinch after the loss of all digits. A hand without 
digits has lust its three major functions, i. e., those of grasp, pinch and 
forming a hook, as in carrying a bucket or similar object. It will act only 
as a paddle to hold objects in place. Fortunately, sensation in the palm 
gives many more possibilities than a prosthesis. Theoretically, a pros- 
thesis might give more power in the ability to grasp, pinch or lift and 
might be better if it were not for the presence of sensation in the palm. 
Most authorities feel that the sensation is 50 per cent of the function of 
the hand. Sensation must ever be present in the mind of the surgeon in 
attempting to reconstruct a substitute for the hand. The method is useful 
for congenitally deformed hands (case 4) as well as for those deformed 
as a result of trauma. 


The procedure being presented here was first carried out to salvage 


the remaining portion of the hands of a blind person (case 2). It is hard 


to realize that one must have the ability to either see or feel to enable 
one to pick up objects and place them in various positions and carry out 
other useful motions such as washing, eating or dressing. Few recognize 
the fact that approximately 75 per cent of the useful activities of the 
hand take place between the thumb and the index finger. If the ability 
to pinch or grasp can be restored between two opposable areas which 
have sensation, then a great portion of this function will be present. We 
are reporting a method of restoring this ability in hands that have no 
digits. 

Presented before the Fifty-Seventh Annual Meeting of the Western Surgical 
Association, Santa Barbara, Calif., Nov. 29, 1949 
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Fig. 1 (case 1).—A, condition of the hand prior to and after application of 
abdominal flap. B, function of the hand and position of the dorsal flap through the 
cleft. 





Fig. 2 (case 2).—A, condition of the hands prior to treatment. B, roentgeno- 
“gram of the hands after clefting, showing elongation of the first metacarpal 
with a portion of the second on the left hand. 








Fig. 3 (case 2).—A and B, anterior and posterior views of the right hand. C, 
posterior view of left hand, which shows the exposed area covered by a split skin 
graft. 


Fig. 4 (case 3).—A, appearance of hand after scars replaced by abdominal flap. 
B, appearance of roentgenograms after grafting. 


Fig. 5 (case 3).—A, hand with the thumb abducted. 8B, hand with the thumb 
abducted, showing pinch. 
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The first step in restoring a hand of this type to useful function is to 


free the hand of scars, contractures and painful neuromas and to replace 


Fig. 6 (case 4).—A, appearance of both hands at birth, with complete absence 
of digits. B, roentgenogram of right-hand before surgical intervention (roentseno- 
grams of both hands were similar). C, roentgenogram of hand after bone graft to 
thumb. 











Fig. 7 (case 4).—Showing ability to grasp and use reconstructed hands. 


these with soft, pliable skin. This often necessitates the use of an abdomi- 
nal flap which eliminates contractures and restores normal healthy 
movable skin to the site of the amputation. 
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The first metacarpophalangeal joint is the only one with appreciable 
motion, and as a result it is essential that this joint be used for the 
motion in the constructed movable digit. Two essentials for useful 
digitized first metacarpals are adequate depth to the cleft and adequate 
length to the movable digitized portion. Adequate length may be 
restored to the first metacarpal by transplanting a portion of the 
longer second metacarpal to the tip of the first or by using a bone 
graft. If the portion of the second metarcarpal is to be transplanted, 
the palmar skin over the head of this metarcarpal should be transferred as 
well. The technic involved was shown in a previous communication.’ 
Also, the nerves, arteries and sensation should be moved with the 
transplant. If adequate soft tissue is present on the stump of the thumb, 
a bone graft may be used to restore length (as in case 4). The shaft 
of the second metacarpal bone is excised, leaving only the base. The 
remaining base prevents the first and third metacarpal bones from 
migrating and narrowing the cleft. When the hand is being clefted, the 
interosseous and adductor muscles between the first and third metacarpal 
bones are not severed but are split up to the base of the second meta- 
carpal bone. By this method, the intrinsic muscles are retained to act 
as adductors to give more strength to the pinch between the heads 
of the third and first metarcarpals. This power of pinch is also 
strengthened by making sure that the stump of the long flexor of 
the thumb is attached to the first metacarpal bone. The base of the cleft 
is then formed by bringing a rectangular flap from the dorsum of the 
hand through the cleft and suturing it to the base of the palmar wedge 
(as seen in case 1). The palmar skin, which carries its sensation, is then 
brought dorsally into the cleft as far as possible and sutured in such a 
manner that the areas with sensation will be opposable on motion of the 
first metacarpal joint. 

SUMMARY 

Four cases of digitization of the first metacarpal for restoration 
of hand function are presented. In 2 cases both hands were involved, 
which makes a total of six hands reconstructed. It is essential that the 
cleft be of adequate depth to allow grasping of objects. The tip of the 
first metacarpal should be directed toward the head of the third 
metacarpal to produce a finer grasp and a more firm pinch. The first 
metarcarpal may be elongated to equal the third by transplanting 
a portion of the second joint to it or by bone grafting. A lobster claw 
type of hand with sensation is far more useful than a prosthesis. This 


is especially true for patients with poor vision. 


1. Cannon, B.; Graham, W. C., and Brown, J. B.: Restoration of Grasping 
Function Following Loss of All Five Digits, Surgery 25:420-423 (March) 1949. 
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DISCUSSION 


Dr. MicHaeLt L. Mason, Chicago: A number of years ago when we were 
presenting a few patients with rather severely damaged hands, we heard various 
remarks to the effect that as hands these certainly did nut look very satisfactory. 
Of course, they were not very satisfactory hands, but they were functioning hands, 
and what we have to remember—and the point that Dr. Graham has brought out— 
is that a reconstruction which gives sensation and function is much better than any 
type of prosthesis that can be fashioned. Hands with all fingers lost which Dr. 
Graham has restored to function are infinitely better-than the most fancy prosthesis. 


Another point that we should remember is that we must get these patients 
started as soon as possible on the use of an extremity. To do that we must make 
function possible. If the hand is immobilized in a functional position, use returns 
much more quickly than if it is immobilized in a nonfunctional position. The 
same thing applies to extensive mutilation. If we can give the patient a beginning 
grasp, the use of the hand will develop. Giving the possibility of function makes 
possible the increasing development of function. 





BENZALKONIUM CHLORIDE (ZEPHIRAN CHLORIDE®) 
AS A SKIN DISINFECTANT 


PHILIP B. PRICE, M.D. 
SALT LAKE CITY 


ENZALKONIUM chloride (zephiran chloride®), introduced by 
Domagk ' in 1935, has become a popular disinfectant. A recent 
survey * shows that in America it is currently used in approximately one 
seventh of the hospitals for disinfection of the hands and in one half of 
the hospitals for preparation of the field for operation. It is the best known 
and most widely used member of the rapidly growing group of quarter- 
nary ammonium compounds. In contrast to soap and other anionic sub- 
stances, it is a cationic detergent. It is said to have keratolytic and 
emollient action. Its py is near the neutral point. It is an efficient 
wetting agent, with relatively low surface tension. It is chemically 
stable. In ordinary concentrations it exhibits little if any toxicity * and 
does not irritate the skin. If, in addition to these desirabie qualities, 
benzalkonium chloride can be shown to be strongly and rapidly germi- 


cidal under conditions of use, it may rightfully be considered a superior 
disinfectant. 


The antibacterial activity of this preparation has been the subject of 
many studies. A review of more than 100 articles dealing directly with 
the subject reveals a general agreement that it is an efficient disinfectant 
for skin. Some writers recommend that it be used in wounds and for 
cold sterilization of instruments. It is believed to possess unusual 
destructive power against many sorts of micro-organisms in vitro, not 
only gram-positive bacteria but gram-negative bacteria and fungi as 


Aided by a grant from the Givaudan-Delawanna Company, New York. 

From the Department of Surgery, University of Utah College of Medicine. 

Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa- 
tion, Santa Barbara, Calif., Nov. 29, 1949. 

1. Domagk, G.: Eine neue Klasse von Desinfectionsmitteln, Deutsche med. 
Wehnschr. 21:829, 1935. 

2. Price, P. B.: Present Day Methods of Skin Disinfection, Arch. Surg., to 
be published. 

3. Shumacker, H. B., and Bethea, W. R.: Some Studies with Zephiran, with 
Particular Reference to Its Use in Time of War, Surgery 14:931, 1943. 

4. Walter, C. W.: Use of a Mixture of Cocoanut Oil Derivatives as a Bac- 
tericide in the Operating Room, Surg., Gynec. & Obst. 67:683, 1938 
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well. There is less agreement as to its sporicidal power. Its phenol 
coefficient is said to range from 274 to 579 at 37 C., depending on the 
type of bacteria used. The presence of serum reduces its effectiveness, 
however.® Dunn, * Hoyt,” Lawrence * and others report that dilutions 
as great as 1:20,000 destroy Staphylococcus aureus in ten minutes at 
27 C. and that even weaker solutions (up to 1: 100,000) inhibit their 
growth.** Walter * cultured full thickness skin segments taken after the 
cutaneous surface had been disinfected with benzalkonium chloride [and 
70 per cent alcohol] and obtained negative results in 73 per cent of 
the tests. Shumacker* obtained sterile cultures from the inside of 
rubber gloves which had been worn on hands previously disinfected with 
the same preparation. Lovell® claimed that aqueous solution of 
zephiran chloride*® was better than tincture zephiran chloride® for pre- 
operative disinfection of hands and that both preparations were superior 
to 70 per cent ethyl alcohol. Numerous surgeons have reported favor- 
able clinical results from the use of benzalkonium chloride to prepare 
the field of operation. 

All this acclaim is not convincing, however, for a number of reasons. 

First, benzalkonium chloride is bacteriostatic to a degree not gen- 
erally appreciated. Minute traces of the chemical in cultures prevent 
the growth of bacteria, particularly Staphylococcus albus. Furthermore, 
it appears to be absorbed on the surface of bacterial cells in higher con- 
centrations than obtain in the surrounding medium, producing a “coat- 
ing” that is not easily washed off. Thus it may happen that test bacteria 
exposed briefly to this preparation and then washed with water will not 
grow in ordinary culture mediums, whereas these same bacteria will 
grow if a suitable antagonist is used to neutralize the benzalkonium 
chloride. Critical review of published reports strongly suggests that 
many investigators, who have depended on dilution and subcultures to 
eliminate the disinfectant from their cultures, actually have had enough 
of the agent in the mediums and on the hacteria to give negative results, 


even though living micro-organisms may have been present. 


5. Dunn, C. G.: A Comparative Study of Some Antiseptics and Germicides, 
with Special Reference to Alkyl-Dimethyl-Benzyl-Ammonium Chlorides, Am. J. 
Surg. 41:268, 1938. 

6. (a) Heinman, P. G.: Antiseptic Properties of Alkyl-Dimethyl-Benzyl- 
ammonium Chloride, J. Am. Pharm. A. 26:711, 1937. (b) Dunn.5 

7. Hoyt, A.; Fisk, R. T., and Burde, G.: Antibacterial Action of Certain 
Disinfectants, Surgery 12:786, 1942. 

8. Lawrence, C. A.; Kwartler, C. E.; Wilson, V. L., and Kivela, E. W.: 
Germicidal Action of Some Benzyl Quaternary Ammonium Compounds Having 
Substituents in Aromatic Nucleus, J. Am. Pharm. A. (Scient. Ed.) 36:353, 1947. 

9. Lovell, D. L.: Zephiran Chloride for Preoperative Preparation of Hands, 
Arch. Surg. 53:304 (Sept.) 1946. 
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Second, many investigators have made the mistake of evaluating 
benzaikonium chloride solely on the basis of in vitro tests. The phenol 
coefficient test, which is of doubtful merit at best, is ill suited to a study 
of quaternary ammonium compounds.’® If, on the basis of its reported 
phenol coefficient values, one assumes that benzalkonium chloride is 
between 274 and 579 times as germicidal as 5 per cent phenol and con- 
cludes that it is therefore of necessity a powerful skin disinfectant, one 
is merely compounding an error. In vitro tests of disinfectant activity 
have some value, but at most they only indicate the killing or inhibiting 
effects of given solutions on specific test organisms under the conditions 
of the experiment. In the matter of skin disinfection, the only trust- 
worthy tests are those made under conditions of actual use. 


Third, despite the clear warning of manufacturers in their descrip- 
tive literature that the presence of soap lessens the activity of zephiran 
chloride,® many investigators have ignored or underestimated the neu- 
tralizing effects of soap. A common assumption is that after scrubbing 
the hands a simple rinse with water will remove all soap from the skin. 
Such is not the case. One has only to wash with scented soap to appre- 


ciate how hard it is to rinse all the odor off. Persons who bathe 
regularly with soap maintain a thin layer of it over the entire body 
surface. That trace may be sufficient to reduce appreciably the disin- 
fectant action of benzalkonium chloride applied to the skin. 

Fourth, washing in a solution of benzalkonium chloride produces a 
sort of “film” on the skin surface under which the cutaneous bacteria 
remain viable." This film, which is broken up by friction, soap, alkalis 
and other substances, releasing living, potentially dangerous bacteria, pro- 
vides an illusion of sterility which has misled some investigators. 

Fifth, it has not been fully appreciated that contaminating bacteria 
on the skin—and this includes test bacteria—are removed or are killed 
with relative ease by many agents, including soap and water. The 
ability to get rid of the transient cutaneous flora is not a measure of 
the ability of a disinfectant to reduce the resident flora. It is important, 
of course, that contaminants should be eliminated, for they may include 
virulent pathogens, but fortunately that is not difficult as a rule. Dis- 
infectants vary not so much in their ability to take care of transients as 
in their ability to reduce the resident flora. 


10. Reddish, G. F.: Disinfectant Testing: the Interpretation of Disinfectant 
Test Results, Especially for Quaternary Ammonium Compounds, Soap & San. 
Chem. 22:127, 1946. 

11. Miller, B. F.; Abrams, R.; Huber, D. A., and Klein, M.: Formation of 
Invisible Non-Perceptible Films on the Hands by Cationic Soaps (Especially 
Zephiran and Phemerol), Proc. Soc. Exper. Biol. & Med. 54:174, 1943. 
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And finally, the so-called clinical test of a skin disinfectant, the 
occurrence or nonoccurrence of infection subsequent to its use, is a 
crude one. Many antiseptics have been unduly praised on that score. 
Subclinical infections may occur undetected in the depths of “clean” 
surgical incisions, and doubtless often do. Furthermore, the presence or 
absence of infection in operative wounds is the result of so many variable 
factors as to be of little significance in the evaluation of a single factor 
such as the sort of skin disinfectant used. 

Satisfactory evaluation of a skin disinfectant requires: (a) bacterio- 
logic tests on the skin under conditions of use (in vitro tests are of 
secondary importance) ; (b) the control of such variables as concentra- 
tion and temperature of the chemical and the degree and duration of its 
contact with the bacteria; (c) employment of appropriate antidotes or 
effective dilutions to avoid bacteriostasis in cultures; (d) qualitative and 
quantitative measurement of results; (e) observation of irritating or 
toxic action on the skin; (f) study of long range effects of the disin- 
fectant on the composition and regeneration of the skin flora. 

Judged by these criteria, benzalkonium chloride as a skin disinfectant 
has not been adequately investigated or evaluated. The present study 
represents an attempt to supply some of the deficiencies and to make 
an over-all evaluation of the agent. 


IN VITRO STUDIES 


An extensive series of tests has been carried out using aqueous 
suspensions of Staph. albus, Staphylococcus aureus and Escherichia coli 
against various concentrations of benzalkonium chloride, with and with- 
out neutralizing agents. Matters of temperature, numbers of test bacteria 
employed, duration of contact, dilution of the disinfectants in cultures 
and py of the mediums were carefully regulated. Soap was employed 
as an antidote because in proper concentrations it proved to be an effec- 
tive neutralizing agent both in solution and in gel form and because the 
universal presence of traces of soap on skin constitutes a practical 
problem that must be taken into account in any event. Control studies 
were made to show the effects of soap alone on the bacteria in suspen- 
sion and in cultures. All the tests were quantitative, agar plate counts 
being used to measure the effects of benzalkonium chloride in terms of 
reduction in numbers of surviving test organisms. 

Bacteriostatic effects of small quantities of benzalkonium have been 
reported by many investigators. In the present study it was found that 
1 part in 100,000 in agar prevented the growth of Staph. albus and that 
much smaller amounts, 1 part in 5,000,000 to 8,000,000, caused signifi- 
cant reductions in bacterial counts (table 1). Staph. aureus was some- 
what less sensitive to the inhibitory action of small amounts, and Esch. 
coli was much more resistant. 
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The bactericidal action of stronger solutions of benzalkonium 
chloride against suspensions of test bacteria was impressive. One part 
per thousand in water or alcohol solution caused death of all suspended 
organisms, even with contacts as short as one second. These observa- 
tions were made with the “spoon test,” ** an antidote being added 
immediately at the end of the measured period of contact. This power- 
ful, almost immediate killing effect was observed with all three types of 
bacteria used. A simple mixture of 50 per cent alcohol and 10 per cent 
acetone, the conventional solvent for tincture zephiran chloride,® had 
no such rapid action but killed the test organisms progressively and 
more slowly, requiring one to five minutes for sterilization. Even a 
1 :50,000 aqueous solution was found to kill suspensions of the relatively 
resistant Esch. coli slowly, the original number of bacilli being reduced 
to less than 2 per cent in nine hours. Bacteria which had been previously 
dipped into soap solution and then rinsed with water were not protected 
thereby from the destructive effects of benzalkonium chloride. 


TABLE 1.—I/nhibiting Effect of Zephiran Chloride* in Agar Plates 








Minimum Concentration 
ot Zephiran Chioride * Maximum Concentration 
Completely Inhibit- of Zephiran Ohloride * 
ing Growth Permitting Full Counts 
Staph. albus 1:10,000,000 
Staph. aureus 220, 1:80,000 
1:50,000 





* Registered trademark. 


It should be emphasized, however, that these results are valid only 
for the particular test bacteria employed, under the conditions of the 
experiments. Because benzalkonium chloride evidences relatively rapid 
and powerful antibacterial activity in vitro, it cannot be safely assumed 
that it is therefore an effective disinfectant agent on skin. 


SKIN DISINFECTION 

The skin disinfectant power of benzalkonium chloride was measured 

by means of the serial basin hand-washing test.** In this test the hands 
and arms are scrubbed with brush and soap uniformly in a series of 


12. Price, P. B.: Ethyl Alcohol as a Germicide, Arch. Surg. 38:528 (March) 
1939; Reevaluation of Ethyl Alcohol as a Germicide, ibid. 60:492 (March), 1950. 

13. Price, P. B.: The Bacteriology of Normal Skin; a New Quantitative 
Test Applied to a Study of the Bacterial Flora and the Disinfectant Action of 
Mechanical Cleansing, J. Infect. Dis. 63:301, 1938; New Studies in Surgical Bac- 
teriology and Surgical Technic, with Special Reference to Disinfection of the 
Skin, J. A. M. A. 111:1993 (Nov. 26) 1938. Footnote 12. 
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basins of sterile water. Then the soap is rinsed off, and the skin is 
dried with a sterile towel. The hands and arms are then washed for a 
measured length of time in the disinfectant solution, after which scrub- 
bing is resumed in a second series of basins. Any disinfectant on the 
skin is neutralized by the soap used in scrubbing or is soon diluted to 
infinitesimal amounts in successive washings. Bacterial counts are made 
of all the washings. Cumulative totals of the counts in each series, 
plotted against time, produce a curve that can be evaluated mathemat- 
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Chart 1.—Results of a typical hand disinfection test. The sloping line indicates 
the rate at which this subject (Joan) habitually reduced her cutaneous bacterial 
flora by scrubbing. At the outset, the hands and arms harbored about 54,000,000 
micro-organisms, as shown by the first point on the left. Approximately 
21,000,000 of these microbes were transients which came off in the first two basins. 
After eight minutes of scrubbing (one minute each in eight basins), the bacteria 
were reduced to 16,600,000. After a fifteen second rinse in water to remove 
the soap, the hands and arms were then washed for exactly two minutes with- 
out friction in 1: 1,000 tincture zephiran chloride.® The effect of this pro- 
cedure was to reduce the bacteria to 3,645,000—the equivalent of many minutes of 
scrubbing. Subsequent scrubbing in the second series of basins (the right hand 
row of points) reduced the remaining flora at the accustomed rate. The effect 
of zephiran chloride® in this instance, therefore, was to reduce the flora from 
16,500,000 bacteria (considered as 100 per cent in table 2) to 3,645,000 (22.1 
per cent) in two minutes. That is to say, this person, by washing in tincture 
zephiran chloride® for one minute reduced her flora to 47.0 per cent of its previous 
size and, by washing for a second minute, reduced them a further 0.47 x 0.47, 
or 22.1 per cent, of the original 16,500,000. 
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ically.“* | By a comparison of the values of the two curves, the effect of 
the disinfectant can -be calculated quantitatively in terms of reduction 
of the total cutaneous bacterial flora of the hands and arms. An example 
of the test is shown in chart 1. 


Results of th¢se studies are summarized in table 2. It will be seen 
that the degree to which soap is removed before benzalkonium chloride 
is used is a factor of prime importance, particularly when the aqueous 
preparation is employed. It is also clear that tincture of zephiran® (a 


Caste 2.—Disinfectant Action of Zephiran Chloride* on the Hands and Arms 


Amount of Bacterial 
‘lora 

$A, Per Cent 

Before After Reduction 

Washing Washing per Minute 
Condition of the Hands Preparation and Use of Test in Zephiran in Zephiran Use of Zephira 
and Arms Zephiran Chioride * No Subject Chloride * Chloride * Chioride * 

Well scrubbed with soap 1:1,000 aqueous solu l J 6,700,000 6,700,000 100 to 100 
and water; visible soap tion washed in for 2 P 2,830,000 2,830,000 100 to 100 
removed by brief rinse 2 minutes without — 
with water friction Average 100 


Well scrubbed with soap 1:1,000 aqueous solu- ‘ 8,160,000 4,050,000 100 to 704 
and water; soap more tion washed in for 2 1,170,000 780,000 100 to S138 
completely removed by 2 minutes without 3 4,500,000 4,150,000 lwo to 13.0 
a 75 second rinse with friction > 2,500,000 1,700,000 100 to @®2 
water —_ 

Average 78.3 

Well scrubbed with soap 71,000 tincture washed - 16,500,000 3,645,000 100 to 47.0 
and water; visible soap in for 2 minutes 2 3,250,000 530,000 100 to 40.4 
removed by brief rinse without friction — 
with water Average 43.7 

Well serubbed with soap 71,000 tineture l 0,000,000 1,320,000 100 to 
and water; soap largely washed in for 3 
removed by a 45 second minutes without 
rinse with water friction 

Well scrubbed with soap :1,000 tincture J 20,000,000 5,570,000 100 to 
and water; soap more washed in for 2 , < 8,670,000 1,070,000 100 to 
completely removed by minutes without 6,900,000 640,000 100 to 

75> seeond rinse with friction 4 40,000,000 1,900,000 100 to 
water > 1,180,000 100,000 10 to 


Average ! 
Well scrubbed with soap 1,000 tineture l 82,500,000 3,160,000 100 to 
and water; visible soap washed in for 2 


rinsed off with water minutes with gauze 
friction 


* Registered trademark. 


mixture of benzalkonium chloride, ethyl alcohol and acetone) is a more 


effective skin disinfectant than an aqueous solution of equal concentra- 


tion. Gauze friction in the application of the preparation to the skin 
probably enhances its disinfectant action. A similar augmentation has 
been noted in the case of alcohol.'* 

It is interesting to compare the skin disinfectant activity of benzal- 
konium chloride with that of some other popular skin disinfectants 
tested under identical conditions. Inasmuch as most antiseptics reduce 


14. Bernstein, L. H. T Technic for Studying the Epithelial Cells of the 
Skin in Relation to Disinfection, J. Invest. Dermat. 11:49, 1948 
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Chart 2.—The effects of washing in zephiran chloride® under various condi- 
tions shown graphically for the sake of easy comparison. The flora of the hands 
and arms immediately before zephiran chloride® was used is in each case counted 
as 100 per cent, and the amount of reduction is expressed on a percentage basis 
(see table 2). In this figure, the steeper the slope the more rapid the disinfecting 
action. A, aqueous zephiran chloride,® 1:1,000; soap less completely removed. 
B, aqueous zephiran chloride,® 1:1,000; soap more completely removed. C, mix- 
ture of alcohol 50 per cent and acetone 10 per cent. JD, tincture zephiran chlor- 
ide,* 1:1,000; soap less completely removed. £, tincture zephiran chloride,® 
1:1,000; soap more completely removed 














Chart 3.—Comparative effects of some commonly used disinfectants. The 
stronger the disinfecting action, the greater the reduction of the existing bacterial 
flora and the steeper the slope of the curve. These curves represent average 
results of many experiments similar to the one illustrated in figure 1. 4, soap and 
water. 8, aqueous merthiolate 1: 1,000. C, tincture of merthiolate 1: 1,000. D, 
iqueous zephiran chloride.® E, mixture of alcohol 50 per cent (by volume) and 

ne 10 per cent tincture zephiran chloride.® G, ethyl alcohol 70 per cent 
by weight). //, iodine, 1 per cent in 10 per cent. alcohol 





PRICE—BENZALKONIUM AS SKIN DISINFECTANT 31 


the bacterial flora of the skin at logarithmic rates, it is possible to repre- 
sent the effects by means of straig!it line “curves” on semilogarithmic 
paper. Chart 2 illustrates graphically the value of thorough removal of 
soap from the skin prior to application of benzalkonium chloride. It 
will be observed that a mixture of 50 per cent alcohol (by volume) and 
10 per cent acetone, the solvent for tincture of zephiran,® is itself a 
fairly good skin disinfectant, and one suspects that the greater effect of 
this as compared with the aqueous solution is due in large measure to 
the presence and action of the solvent in the former. 

Other comparisons are shown in chart 3. A simple wash with soap 
and water, contrary to the statements of some writers, is not an efficient 
way of removing the resident flora of the skin. The mixture.of 50 per 
cent alcohol and 10 per cent acetone, commonly used to prepare tinc- 
tures of organic mercurials and zephiran,® was originally proposed in 
the belief that 50 per cent is a particularly effective strength of alcohol ** 
and that the addition of a little acetone increases the ability of a solution 
to penetrate the skin. Both assumptions are now known to be incorrect. 
The alcohol-acetone mixture is less effective on the skin than 70 per 
cent ethyl alcohol by weight. An interesting point is that when benzal- 
konium chloride and alcohol are combined the disinfectant effects of the 
two substances are additive but when a mercurial is added to alcohol 
the combined disinfectant action on skin is less than when alcohol is used 
alone. The strongest skin disinfectant of this group was 1 per cent 
iodine in 70 per cent alcohol. Two per cent iodine was even more 
effective. These are excellent preparations that have much to recom- 
mend them. It is possible that benzalkonium chloride would be equally 


good if it were dissolved in 70 per cent alcohol. 


COM MENT 


It may be argued that less soap is present on skin at the site of 


operation than on freshly scrubbed hands. Even so, the traces of soap 


on the patient’s skin remain an important factor which cannot be safely 
ignored. Residual soap on the hands is capable, as has been shown, of 
neutralizing to some extent the disinfectant action of a whole basinful 
of benzalkonium chloride solution, whereas on the skin there are only 
relatively small amounts of the disinfectant on sponges to be neutralized. 

Since it is important that as much soap as possible should be removed 
from the skin before the disinfectant is applied, a consideration of soap 
solubility is pertinent. A number of tests have been carried out which 
show that ordinary soap, in both dry and gel forms, is only slightly 


15. Epstein, F.: Zur Frage der Alkoholdesinfection, Ztschr. f. Hyg. u. Infec- 
tionskr. 24:1, 1897. 
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soluble in ether and acids, that it is moderately soluble in both soft and 
hard water, especially if the water is hot, and that it is most soluble in 
solutions ef ethyl alcohol. Undiluted (95 per cent) alcohol is a com- 
paratively poor solvent for soap, but weaker solutions (40 to 70 per 
cent by weight) dissolve soap readily, especially when the soap is in a 
gel state. It would seem advisable, therefore, when disinfecting the 
hands, to preface the use of benzalkonium chloride by a wash in 70 per 
cent alcohol and, in disinfecting the site of operation, to wash the skin 
first with 70 per cent alcohol and then with tincture zephiran chloride,” 
repeating the procedure several times. That routine would probably 
remove all soap from the skin and would allow full advantage to be 
taken of the disinfectant action of both alcohol and benzalkonium 
chloride. 

The question has been raised whether the antagonism between this 
disinfectant and soap might not be avoided by employing a soap substi- 
tute to wash the skin. Unfortunately, most of the sulfated and sulfo- 
nated compounds are also anionic detergents. A few hand washing 
tests made with wetting agents of that sort show that they, like soap, 
tend to neutralize benzalkonium chloride. 

It has been observed that after this preparation is used the usual rate 
of regeneration of the cutaneous bacterial flora occurs, that is to say, 
skin which has been treated with it does not exert any prolonged anti 
bacterial effect. 

SUMMARY 

Since its introduction fourteen years ago, benzalkonium chloride 
(zephiran chloride*) has gained steadily in popularity and has now come 
into wide use as a skin disinfectant. Much previous experimental work 
done to evaluate benzalkonium chloride has been vitiated, however, by 


failure to recognize the bacteriostatic influence of extremely small 


amounts of the agent in cultures, especially for staphylococci, and by 
failure to appreciate fully the neutralizing effects of minute traces of 
soap on skin when the preparation is used clinically. 

Benzalkonium chloride has been restudied with methods which are 
better able to control those disturbing factors. In vitro, it is a powerful, 
rapidly acting germicide against test bacteria, but on the skin, under 
conditions of ordinary use, its disinfectant action is not as great as has 
been generally supposed. Its effectiveness can be enhanced, however, 
if the agent is employed with a clear understanding of its peculiarities 
and behavior 

Hands that have been scrubbed in the usual manner need to be 
thoroughly rinsed with water (for one minute or more) in order to 
remove the soap which clings so tenaciously to skin and tends to neu 


tralize the bactericidal action of benzalkonium chloride. Since solutions 





PRICE—BENZALKONIUM AS SKIN DISINFECTANT 


of alcohol are better soap solvents than water, it is recommended that 
the site of operation be washed alternately, several times, with 70 per 
cent alcohol and tincture zephiran chloride.® 


The disinfectant power of tincture zephiran chloride* would prob- 
ably be increased appreciably if the solution were prepared with 70 per 


cent alcohol by weight rather than with the currently used alcohol- 
acetone solvent. 
DISCUSSION 

Dr. Harry B. ZIMMERMANN, St. Paul: Obviously, if we could get a cationic 
detergent to take the place of soap, a good deal of the difficulty spoken of might 
be obviated. Are there any such detergents? It was my impression that some 
of the sulfonated oils were cationic detergents. 

Dr. Puri Price, Salt Lake City There are some cationic compounds, 
e.g., some of the sulfonated oils which have been suggested. I have not had an 
opportunity myself to try out any of these. I do not know whether they are 
substances which are easily and cheaply available It would be an interesting 
subject to pursue I am sorry that | have not any specific answet 





MECHANISM OF BLOOD FLOW IN VEINS OF ABDOMEN 
AND LOWER EXTREMITIES 


W. D. GATCH, M.D. 
INDIANAPOLIS 


HIS paper seeks to give information on the purely physical factors 
which cause, regulate and resist blood flow in veins of the abdomen 
and the lower extremities. It is based in part on experiments which | 
have done at various times and, in addition, on all pertinent data which 
I could discover in recently published papers on this subject. 

The experiments facilitate understanding of the problems discussed 
and, though simple, have complicated implications of clinical importance. 
They involve the following points : 

1. The blood flow in the abdominal veins 

(a) in the portal vein 

(b) in the vena cava 

Bleeding from esophageal varices 

The effect of the Eck fistula on blood flow from the portal vein 
into the liver 

The formation and mechanical effects of ascitic fluid 

The blood flow from the lower extremities into the abdomen 


6. The cause cf varicose veins 


THE PROBLEM OF BLOOD FLOW IN THE ABDOMINAL VEINS 


It is known that a pregnant uterus, abdominal tumors, ascites or 
the act of straining can cause a great increase in intra-abdominal 
pressure. Straining can make it exceed for a few moments the systolic 
blood pressure. It is known also that these pressures may not disturb the 
circulation of the legs, elevate the systolic blood pressure or interfere 
greatly with the functions of the abdominal organs. The abdominal veins 
have thin walls and are easily compressed. Why does high intra-abdomi- 
nal pressure not stop all blood flow in them? The results of the following 
experiment answer this question. 


Experiment 1 (fig. 1).—Arrangements are made to take simul- 


taneous tracings at various levels of intra-abdominal pressure, systemic 


Read at the Fifty-Seventh Annual Meeting of the Western Surgical Asso- 
ciation, Santa Barbara, Calif., Nov. 29, 1949. 
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blood pressure, pressure in the vena cava ascending and intrathoracic 
pressure, The intra-abdominal pressure is increased by the injection into 
the peritoneal cavity of isotonic sodium chloride solution. The pressure 
in the vena cava is measured by means of a cannula pushed into it 
through an opening in the femoral vein. Figure 1 shows that the pres- 
sure in the abdominal cavity and that in the vena cava are always equal 
and that no vein in the abdomen contains blood when the abdominal 
pressure exceeds the systolic blood pressure. Then the abdominal organs 
are found white at autopsy. 

This experiment proves that blood flow in all abdominal veins is 
opposed by the intra-abdominal pressure and is maintained by the force 
of the heart transmitted to the veins through the capillaries. Note that 
the pressure in the veins equals, but does not exceed, the intra-abdominal 
pressure.’ 
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Fig. 1.—Tracing showing that the intra-abdominal pressure, P, and the pressure 
in the inferior vena cava are always equal. The markers recording lines C and P 
had to be separated a little to avoid their collision. D is carotid blood pressure 


BLOOD FLOW IN SYSTEMIC VEINS OF ABDOMEN 


During rest and under normal conditions, suction by the chest and 
the force of the heart beat, as shown by experiment 1, move blood out of 
the inferior vena cava as fast as blood enters it. Several facts about the 
passage of blood from abdomen to chest and from chest to abdomen 
under conditions other than these are of scientific interest and of some 
practical importance. The abdominal veins have no valves. Therefore 
blood forced from abdomen to chest by a sudden’ contraction of the 

1. Gatch, W. D.: The Effect of Laparotomy upon the Circulation, Tr. Am 
Gynec. Soc. 1914. MacLeod, J. J. R.: Physiology in Modern Medicine, edited by 
Philip Bard and others, ed. 8, St. Louis, C. V. Mosby Company, 1938, pp. 382-383 
Rushmer, R. F.: The Nature of Intraperitoneal and Intrarectal Pressures, 
Am. J. Physiol. 147:242-249 (Oct.) 1946 


2 and 3. Footnotes deleted 
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abdominal muscles can flow back as soon as this contraction ceases. The 
quantity of blood in the inferior vena cava and its branches is consider- 
able, certainly more than 500 cc. If this were forced suddenly into the 
chest and held there by valves, it mignt overdistend the right side of the 
heart. 

The act of retching forces a large quantity of blood .into the heart 
and by its frequent recurrence prevents the regurgitation of this. Vomit- 
ing would therefore be dangerous to life if nature did not inhibit heart 
action when it occurs. 


BLOOD FLOW IN THE PORTAL VEIN 
The pressure within the portal vein is due to the force of the heart 
heat transmitted through the blood in the first set of portal capillaries. 
The heart also propels blood through the capillaries of the liver. This 
requires but little energy because the resistance to blood flow in these 
vessels is not great. Experiment 1 shows that the pressure in the portal 


Pressure in Normal Dogs 


Pressure 
in Inferior Pressure in 
Procedure Vena Cava Portal Vein 
Normal 2to + 7 toll 
Ligation of abdominal vena cava (2 stages)... 9tol7 9toll 
Ligation of portal vein (2 stages)... . : 2 to + &toll 
Constriction of thoracic inferior vena cava ; 8 to 22 1] to 27 


vein must at least equal the intra-abdominal pressure. It is probably 
equal to this plus whatever additional pressure is necessary to overcome 


resistance in the liver.’ (The normal liver is compressed by the intra- 
abdominal pressure. ) 


The measurements given in the table were made on dogs under 
normal conditions by a refined technic.* The pressures are in centi 
meters of water. The pressure is so great when the liver is cirrhotic that 
little portal blood makes its way into the hepatic vein.® 

The following experiment shows some other effects of venous 
obstruction. 

Experiment 2.—A vein is selected which carries all the blood from a 
considerable length of intestine. It is divided and a manometer con- 
nected with its proximal end. The results observed are as follows: 

4. Hoffbauer, F. W.; Bollman, J. L., and Grindlay, J. H.: Factors Influencing 
Pressure in the Portal Vein as Measured in the Intact Animal, J. Lab. & Clin 
Med. 32:1401-1402 (Nov.) 1947 


5. Dr. Frank Mann supplied data given. 


6. McIndoe, A. H.: Vascular Lesions of Portal Cirrhosis, Arch. Path. §:23- 
42 (Jan.) 1928, 


i acted 
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1. The pressure registered by the manometer gradually increases till, 
for a short time, it equals the systolic blood pressure. 2. At a certain 
elevation of venous pressure petechial hemorrhages appear on the intes- 
tine and these increase in number till the bowel is sodden with extra- 
vasated blood ; also the pressure in the vein falls as this is taking place. 

Dr. K. K. Chen, Chief of the Department of Pharmacology, Lilly 
Research Laboratories, made an exact determination of the level of 
venous pressure in the intestine of a dog at which capillary hemorrhage 
occurs. In each of four experiments he found this to be 40 mm. of 
mercury. The pressure within the arterial end of a capillary is 
32 mm. of mercury.’ A tissue resistance of about 8 mm. of mercury 
opposes this. Chen found, therefore, that intestinal capillaries rupture 
when the force distending them is great enough to overcome this tissue 
resistance. His experiments, however, were done with the intestine 
outside the abdomen. We know from experiment 1 that if it had been 
within the abdomen its capillaries would not have ruptured till the 
pressure within them exceeded 40 mm. of mercury plus the intra- 
abdominal pressure. I can find no record of the observation of a pres- 
sure in the portal vein of man higher than 37 mm. of mercury, and the 
author who reported this did not state what intra-abdominal pressure 
coexisted with it.* It is certainly not great enough to cause capillary 
hemorrhages in the gastrointestinal tract, but it is known from autopsy 
findings that venous pressures great enough to cause them do occur 
occasionally. 

Theory suggests that pressure in the portal vein is increased when 
flow from the inferior vena cava is impeded by heart disease. The work 
of McKee and his associates ® proves this to be true. They observed 
that after ligation in the chest of the inferior vena cava nature tries to 
shunt the portal blood around the liver as it does when the liver is 
cirrhotic. 

BLEEDING FROM ESOPHAGEAL VARICES 

Dilatation of esophageal varices is not opposed by intra-abdominal 
pressure. It is increased by the negative pressure in the chest. Perhaps 
this accounts for the tendency of these varices to bleed. They are 
certainly still present, though empty, after portal pressure has been 
lowered to normal. They may again bleed when the intra-abdominal 


7. Landis, E. M.: Capillary Pressure and Capillary Permeability, Physiol 
Rev. 14:404-481 (July) 1934 

8. Whipple, A. O.: The Problem of Portal Hypertension in Relation to the 
Hepatosplenopathies, Ann. Surg. 122:449-475 (Oct.) 1945. Blakemore, A. H. 
Portacaval Shunt in the Surgical Treatment of Portal Hypertension, ibid. 128: 
828-842 (Oct.) 1948 

9. McKee, F. W.; Schilling, J. A.; Tishkoff, G. H., and Hyatt, R. E.: Experi 
mental Ascites, Surg., Gynec. & Obst. 89:529-539 (Nov.) 1949. 
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pressure rises, e. g., because of straining or vomiting. Gastro-esophageal 
resection as done by Phemister and Humphreys *® seems, therefore, 
more likely to prevent bleeding from them than portacaval shunt. I 
carried out a transthoracic exploration of the lower end of the esophagus 
of a man who had had repeated and well nigh fatal hemorrhages from 
esophageal varices caused by occlusion of the splenic vein. Splenectomy 
had not stopped the bleeding. I found a solitary big varix, which | 
excised without opening the esophagus. The patient has had no bleeding 
since this operation, done two years ago. 

Effect of the Eck Fistula on Blood Flow from Portal Vein into Liver. 

Hoffbauer has shown by experiment that the pressures in the portal 
vein and the inferior vena cava are equal when an Eck fistula connects the 
two vessels. Experiment 1 shows that the pressure in the vena cava is 
always the same as the intra-abdominal pressure. We have shown that 
this is not great enough to propel blood through the hepatic capillaries. 
Therefore the idea that any significant quantity of blood can ever flow 
from the portal vein through the liver when a lateral anastomosis con- 
nects the lumen of this vessel with that of the inferior cava is open to 
question. 

Mechanical Effects of Ascites—Mclkee and his associates and 
Hoffbauer '' have shown that ascites follows partial obstruction of the 
inferior vena cava between the hepatic vein and the heart and that it 
does not follow ligation of the vena cava below the hepatic vein or 
ligation of the portal vein. McKee suggested that it may be due to 
protein material forced out of the liver and into the peritoneal cavity. 
Ascites, according to this conception, is due to the withdrawal of water 
from the abdominal tissues by osmotic pressure; it is not due, as was 
heretofore thought, to excessive pressure in the first set of portal 
capillaries. 

The data already given show why the dilatation of intra-abdominal 
capillaries caused by removal of ascitic fluid is seldom great enough to 
rupture them. Great and even fatal bleeding from the capillaries of the 
gastrointestinal tract does, however, occasionally occur. This can hap- 
pen when the force distending these vessels is not adequately opposed 
by the forces compressing them. Autopsies show that the bleeding 
sometimes occurs in the presence of portal hypertension. It also occurs 
after sudden obstruction of the portal vein or of a mesenteric vein. It 
is not attended by much ascites. 

10. Fhemister, D. B., and Humphreys, E. M Gastro-Esophageal Resection 
and Total Gastrectomy in the Treatment of Bleeding Varicose Veins in Banti’s 
Syndrome, Tr. Am. S. A. 65:17-30, 1947. 

11. Hoffbauer, F. W Factors Influencing Pressure in the Portal Vein, 
Transactions of the Seventh Conference on Liver Injury, 1948, New York, Josiah 
Macy, Jr., Foundation, 1949, pp. 27-37. 
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Since ascitic fluid hinders its own formation by increasing the intra- 
abdominal! pressure, removal of it favors its rapid reformation. It may 
overdistend the abdominal muscles till they are unable after its removal 
to maintain an abdominal pressure high enough to permit the patient to 
sit or stand. Both of these bad effects of abdominal paracentesis can be 
in part prevented with the use of a tight abdominal binder. 

Experiment 1 shows that ascites alone never impedes the flow of 
blood through and from the vena cava. When severe, however, it 
elevates the diaphragm till proper ventilation of the lungs is impossible. 
The anoxia so produced damages the capillary endothelium of the entire 
body. The latter can then no longer prevent the escape of blood albumin 
into the tissues. The blood thus loses its ability to absorb water and 
becomes concentrated. This is the chain of events which leads to death 
from so-called anoxic shock.'? 

To conclude, (1) the effects of ascites are, within certain limits, 
beneficial; (2) when severe, it may cause death by anoxic shock; (3) 
the ideal treatment of it is (a) to withdraw no more fluid from the 
abdomen at one time than is necessary to permit normal breathing and 
(b) to restrict the intake of salt and increase that of protein. 


BLOOD FLOW FROM LOWER EXTREMITIES INTO ABDOMEN 

In the experiment to determine blood flow from the lower extremities 
into the abdomen the femoral vein of a dog is tied and a manometer con- 
nected with it distal to the tie. Arrangements are made to record the 
systolic blood pressure and the pressure in the femoral vein. Figure 2 
shows that the latter pressure will rise to the level of the systolic blood 
pressure and also that by squeezing the leg it can be made to rise much 
higher than this. The force of the heart beat passes through the capil- 
laries of the extremity and into the veins. The capillaries are not 
ruptured by the great pressure which they transmit because they are 
compressed by the muscles which surround them. The muscles in turn 
are surrounded by a snugly fitting sheath of strong fascia. This sheath 
preserves an extravascular tension which prevents overdistention of the 
capillaries and veins due to gravity. These arrangements, together 
with the valves in the veins, permit blood to flow from the lower 
extremity to the abdomen no matter how great the pressure in the 
abdomen may be. 

The Cause of Varicose Veins.—1 believe that the tremendous pres- 
sure which muscular contraction can produce in the veins of the leg has 
more to do with the development of varicose veins than gravity. One of 
several good reasons for this opinion is given here. The varicosities in 


12. Gatch, W. D., and Battersby, J. S.: Effect of Asphyxia Caused by Bowel 
Distention on the Concentration of the Blood, Arch. Surg. 44:319-326 (Feb.) 1942. 
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most cases first appear below the knee, and when they appear the long 
saphenous vein in the thigh has competent valves and is not dilated. 
The obvious explanation of this is that blood under great pressure in the 
deep veins of the leg forces the valves in the conimunicating veins and 
rushes into the superficial veins. This conception is supported, I think, 
by the painstaking work of Sherman ** on the anatomy of the saphenous 
veins and on the treatment of varicose veins. 

The great pressure which muscular action engenders in the veins 
of the lower extremity enlarges collateral veins to carry blood from it 
when its main veins are occluded. On this principle I have treated, 
with considerable success, edema of the limbs. The procedure is to apply 
as tightly as possible a bandage from the tip of the limb to near its 
attachment to the body. The bandage is removed in about three 
minutes. The limb is then allowed to hang down for two minutes, after 


Fig. 2.—Record of carotid blood pressure, C, and of tne pressure in the distal 
end of a severed femoral vein, B. The femoral artery was clamped at the beginning 
of the experiment, and at J the clamp was removed. Note that the venous pressure 
immediately rises to the level of the arterial pressure. At 2 the artery was clamped; 
at J it was again unclamped. At 4 and 4’ the paw was squeezed but not very 
strongly either time; at 5 and 5’ the pressure in the paw was released. 


which the bandage is applied as before and the procedure repeated. | 


think that the good effects of this treatment are due to its expanding the 
veins and lymphatic vessels which drain the edematous tissues. It is 
laborious but can be carried out by any layman. A machine could no 
doubt be devised to give it. 
SUMMARY 
The pressure in the systemic veins of the abdomen is always the 
same as the intra-abdominal pressure. The pressure in the portal vein 
and its branches exceeds this by the pressure necessary to overcome the 
resistance to blood flow through the liver. 


13. Sherman, R. S.: Varicose Veins, Ann. Surg. 130:218-232 (Aug.) 1949 
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\n Eck fistula makes the pressure in the portal vein equal that in 
the vena cava, which in turn equals the intra-abdominal pressure. 
The head of pressure in the portal vein necessary to force blood from 
it through the liver does not then exist. 

The capillaries in the abdomen can transm/t even the systolic blood 
pressure to the veins without being injured by it provided the pressure 
around them is equally great. They bleed when the pressure within 
them is above 40 mm. of mercury and is not balanced by a pressure 
around them as great as this. 

The tendency of esophageal varices to bleed is explained by their 
location where dilatation of them is favored by the negative pressure of 
the chest and not opposed by the positive pressure of the abdomen. 
Relief from danger of death due to hemorrhage from these varices is 
the chief benefit which the victim of portal hypertension can expect from 
any operation. Gastroesophageal resection, | believe, is more likely to 
give him this relief, and with less danger, than portacaval shunt. 

Ascites follows partial obstruction of the vena cava between the 
hepatic vein and the heart and not ligation of the cava below the hepatic 
vein or of the portal vein. This experiment shows that the liver somehow 
causes the ascites, but how it does this is not as yet plain. The idea that 
it is entirely due to filtration from abdominal capillaries is made doubtful 
by the results of these ligations. 

Ascites within certain limits has a beneficial effect. No more ascitic 
fluid should be removed at one time than is neeessary to permit easy 
breathing. 

The pressure which contraction of the muscles of the lower extremity 
can engender in its veins is great enough to force blood into the abdomen 
against any resistance which may there appose it. This pressure accounts 
for the rapid enlargement of collateral veins to carry blood around 
obstructions in the main veins of the limb. I believe that it, and not 
gravity, is the chief cause of varicose veins. 

Treatment of edema of the extremities by the oft repeated application 


of a bandage from the tip of the extremity upward has been fairly 


successful. Its best results are in the treatment of edema due to venous 
obstruction. 








RUPTURES OF THE QUADRICEPS TENDON 


Study of Fourteen Tendon Ruptures 


CARLO SCUDERI, M.D., Ph.D. 
AND 
EDWARD L. SCHREY, M.D. 
CHICAGO 


UPTURES of the quadriceps tendon are seen rather infrequently. 

Perhaps it is because the causative mechanism of the rupture is 
very similar to that of fractures of the patella or the less common 
ruptures of the patellar tendon. All too frequently, owing to the pro- 
nounced hematoma that occurs in the knee joint, the associated pain that 
prevents a thorough careful examination of the injured part and the 
lack of evidence on the roentgenograms, in some cases the correct 
diagnosis is not made or adequate treatment instituted until much 
valuable time has been lost. 

We have seen and treated 13 patients with 14 ruptures of the 
quadriceps tendon from September 1938 to September 1949. It is on 
their cases that this report is based (table). In 12 cases the rupture was 
unilateral and in men: The only bilateral rupture was in a woman. 
In this patient at the time of operation, eight days after the accident, 
sufficient return of quadriceps function had occurred so that operation 
on the one side was not considered necessary. Two patients were seen 
late, one at six weeks and the other at ten weeks following the original 
accident. One refused operation and as a result had a knee that gave 
way, especially when he was trying to go up and down stairs. The 
second patient went elsewhere to have the operation performed after 
the recommendations were made. The ultimate result in this case is 
unknown to us. 


Nine tendons were operated on by us, and 2 were operated on 
by other surgeons and the patients referred to us for the follow-up 
care. In each of these 2 cases, the suturing of the tendon was done 
with only interrupted surgical gut sutures, with some resulting separation 
at the suture line and some loss of power to extend the quadriceps 
completely. 


Read at the Fifty-Sevent‘: Annual Meeting of the Western Surgical Associ- 
ation, Santa Barbara, Calif. Nvv. 29, 1949, 


From the Department of Surgery, University of Illinois College of Medicine, 
and the Fracture Service, Cook County Hospital. 
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The average age of our patients was 45.9 years, varying from 24 to 
70 years. In 8 patients the rupture was in the right knee and in 6 in 
the left knee. 

In 12 cases rupture of the quadriceps tendon resulted from indirect 
violence and in 2 from direct cutting injuries. One rupture was the 
result of a knife cut, and the other the result of a cut from a broken 
windshield following a head-on collision between two cars. 

The results in the cases in which we orerated were as follows: 
Good to excellent results were obtained in 7 cases. A fair result was 
obtained in 1; this, we have felt, was partly due to the fear of the 
patient to bend the knee and permit adequate physical therapy when it 
was recommended. The patient was 70 years of age, and the age 
may also have contributed to the ultimate loss of range of knee motion. In 
1 case, that of a patient with tabes dorsalis, unfortunately, a skin slough 
with secondary infection developed, resulting in a complete failure. 

The first three figures illustrate the end results in 3 typical cases 
that were classified as fair (fig. 1), good (fig. 2) and excellent (fig. 3). 


Analysis of 14 Cases of Rupture of the Quadriceps Tendon 


Age, Yr. Sex Extremity Involved 
No. of - a = A 


Patients Range Average 


one " wi “i 
Male Female Right Left Both 
a 24-70 45.9 12 1 7 5 


HISTORICAL SURVEY 


The first recorded mention of a ruptured quadriceps tendon is found 
in the work of Galen. Without much doubt, ruptures of the quadriceps 
tendon have been occurring since man first exposed himself to sudden 
violent flexion of the knee. 

In more modern times, Ruysch, in 1720, published a work on this 
entity. Since that time to the present, sporadic reports of this condition 
have appeared in the literature in the forms of either solitary case reports 
or reviews of the literature. Until Lister did the first surgical repair 
with the use of antiseptics, the treatment of this condition was medical. 

Conway ' in 1940 collected references to ruptures of the quadriceps 
tendon from Galen to the present, and, in addition, he reported 2 cases 


of his own. Walker? in 1896 collected and reported on 115 cases from 


1. Conway, F. M.: Rupture of the Quadriceps Tendon, Am. J. Surg. 50:3-16, 
1940. 

2. Walker, J.: Rupture of the’ Quadriceps Extensor Femoris Muscle and of 
Its Tendon Above and Below the Patella, Am. J. M. Sc. 3:638-649, 1896. 
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the literature up to that time. Heineck * in 1909 collected and reported 
14 cases from the files of the Cook County Hospital. This material was 
included in an excellent monogram on fractures of the patella. Gallie and 
Lemesurier * in 1927 reported on 6 cases in which they had operated 


and repaired the itjury with use of fascia lata strips. Meyerding® in 








Fig. 1 (case 1).—A. C., aged y fell while getting off a motor coach on 


Sept. 13, 1948. Operation was done ‘bn September 21, and the photographs were 
taken October 22. The result was classed as fair. 


3. Heineck, A. P.: The Modern Operative Treatment of Fractures of the 
Patella, Surg., Gynec. & Obst. 9:177-248, 1909. 

4. Gallie, W. E., and Lemesurier, A. B.: The Late Repair of Fractures of 
the Patella and of Rupture of the Ligamentum Patellae and Quadriceps Tendon, 
]. Bone & Joint Surg., 9:47-54, 1927. 

5. Meyerding, H. W.: Bilateral Rupture of the Quadriceps Tendon, S. Clin 
North America 15:1213-1216, 1935 
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1935, James® in 1938 and Graney’ in 1943 published isolated case 
reports. 

The method of repair employed by these authors has been the use of 
mattress sutures of chromic surgical gut or kangaroo tendon for the 
rejoining of the separated parts of the quadriceps tendon. 








Fig. 2 (case 2).—V. B., aged 57, fell downstairs on Jan. 29, 1947 and was 
operated on February 2. The photographs were taken on October 22. The 


result was classed as good. 


ETIOLOGY 


The quadriceps tendon is ruptured by one of two mechanisms: 


(1) direct injury, in which the edge of a sharp implement lacerates 


6. James, K. L Bilateral Rupture of the Quadriceps Tendon, Brit. M. J. 
2:1369, 1938. 

7. Graney, C. M.: Bilateral Rupture of Quadriceps Femoris Tendons with 
Six Year Interval Between Injuries, Am. J. Surg. 61:112-116, 1943 
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skin, subcutaneous tissue and tendon; (2) indirect injury, the result of 
severe muscle pull with the leg more or less firmly immobilized while 
the body falls backward. The force of the violence, plus the momentum 
of the body, tears the tendon, in most instances just proximal to the 
patellar attachment. The actual moment of tearing occurs when the 
knee is in the semiflexed position, the patella firmly held against 
the anterior aspect of the femur by pull of the quadriceps muscle and the 














Fig. 3 (case 3).—J. H., aged 67, fell while coming downstairs when his heel 
caught on Feb. 2, 1947; operation was done on February 7. The photographs 
were taken October 22, 1949. The result was classed as excellent. 


force continuing. The upper pole of the patella cannot be torn off 
because it is buttressed against the femur; so the tendon shreds and 
separates, 


PATHOLOGY 
In most cases the site of tear is from % to 4% inch (1.3 to 2 cm.) 
from the superior margin of the patella. In none of the 9 cases in 
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which we operated was there a periosteal detachment from the patella 
or separation in the quadriceps tendon 11% inches (4 cm.) proximal to 
the patella. The tears usually have been transverse with only a slight 
obliquity at the ends. In only 1 case was the tear oblique, running at 
approxirnately a 45 degree angle. 

The tear first occurs in the central portion of the tendon most 
anteriorly, because this portion of the tendon is the first to take the brunt 
of the force. After this portion gives way, if the force continues the 
lateral and medial fibers tear. The extent of the tearing depends on the 
amount and the duration of the force. 

The patella drops from its former position over the condyles of the 
femur because of loss of tension in the quadriceps muscle, and the 
patellar tendon becomes relaxed. The quadriceps tendon now having 
no anchorage distally, slowly becomes drawn more and more proximally 
owing to the tension of the quadriceps muscle. Within three to seven 
days the proximal displacement of the quadriceps tendon may amount to 
2% to 3 inches (6.4 to 7.6cm.). Unless the defect is repaired surgically 
and the tendon reattached in its normal location, a fibrosis occurs in 
the rectus femoris muscle and the elasticity of this mobile unit becomes 
markedly impaired. To a minor degree the same pathologic changes 
occur in the vastus medialis, vastus lateralis and vastus intermedialis 
muscles. 


The intra-articular hematoma becomes slowly absorbed. The 


fibrosis which occurs as a result of this process becomes accentuated by 
the overgrowth of fibrous tissue from the torn distal end of the quadri- 
ceps tendon, which is trying to grow tentacles long enough to reach 
the retracted proximal portion of the torn quadriceps tendon. 


SYMPTOMS AND SIGNS 

The cardinal symptom of this condition is the loss of voluntary 
ability to raise the heel from the bed. On palpation of the knee, the 
patellar contours are found to be normal but lying at a slightly more 
distal position. The patellar tendon is found to be intact and attached 
to the inferior pole of the patella and also to the tibial tuberosity. Pal- 
pation just above the patella reveals a definite soft tissue defect. Nothing 
but the skin and subcutaneous tissue separate the examining finger 
from the anterior aspect of the femur. The ruptured tendon mass can 
be readily palpated several inches from its normal anchorage. 

The apparent absence of roentgen evidence of injury to patella, 
femoral condyles and tibial plateaus in the absence of power to extend 
the leg voluntarily should immediately put the examining physician on 
the correct trail. Unfortunately, all too frequently, the unsuspecting 
physician may diagnose the condition as a “sprained knee” and treat 
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it as his diagnosis would indicate, and then four to six weeks later the 
error plus all its sequelae becomes apparent to everyone. 


DIAGNOSIS 

To one trained in traumatology, the diagnosis is apparent after a 
recital by the patient of the causative factors, the loss of voluntary knee 
extension and the apparent, freedom from pain in the knee on palpation. 
The recession of the skin just proximal to the patella and the ability to 
palpate the anterior aspect of the femur through the skin are pathog- 
nomonic findings in this condition. 

Roentgenograms are taken only to rule out possible associated 
damage to bone which may have resulted from the same trauma or a 
preexisting pathologic condition which later may bring into the clinical 
picture the question of aggravation of a preexisting condition. 


PROGNOSIS 


The prognosis as to ultimate function depends almost entirely on 
how soon the diagnosis is made and operation done. Everything else 
being equal, patients operated on early (within the first forty-eight to 
seventy-two hours) will do infinitely better than those operated on 
after two to three weeks. In patients operated on early the parts can 
be reapposed and sutured in the anatomic position without much tension, 
whereas in patients seen late considerable difficulty is encountered in 
pulling the tendon down to its normal position and then an additional 
technical disadvantage is encountered, owing to the fact that the sutures 
have a tendency to cut through the friable reparative tissue. Longer 
immobilization also contributes its toll to the ultimate loss of knee 
flexion. 

Maximum return of function is not obtained under six to nine 
months. Here the human element enters; if the patient is cooperative, 
willing and intelligent, he does infinitely better than does the diametric- 
ally opposed type of person. 

TREATMENT 

The sooner ruptured quadriceps tendons are surgically repaired, the 
better are the end results. When feasible, we prefer to operate within 
the first forty-eight to seventy-two hours. As soon as the diagnosis is 
established, the knee is immobilized in a posterior splint to avert further 
damage to the tendon and to minimize discomfort. Contracture of the 
quadriceps muscle with wide separation of the torn tendon ends is 
avoided, fibrosis of the thigh muscles is minimized and the torn tendon 
ends can be approximated with a minimal amount of tension. 

The leg is prepared for operation the day before. All operations are done 


under a Martin constrictor. It is applied as high in the groin as possible in 
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order to give a bloodless field and at the same time not to bind the quadriceps 
muscle and make the approximation of the torn tendon difficult. 

The leg is draped so that a field extending at least 6 inches (15 cm.) above 
and below the patella is exposed, as use of the Bunnell pull-out stitches requires 
a field of vision beyond the area of the incision. 

An 8 inch (20 cm.) longitudinal incision is made over the front of the patella 
(fig. 4). The patella, the torn tendon and the lower portion of the quadriceps 
muscle are exposed. The hematoma of the knee joint is evacuated, and the tear 
of the quadriceps tendon is inspected. 


The tendon is approximated and held in place by means of sharp 
retractors., 

The Bunnell * pull-out stainless steel sutures are now inserted one 
on each side of the dead center of the patella with about 1 inch (2.5 cm.) 


Skin 
incision 


Ruptured 
quadriceps - 
tendon 


Interarticular 
blood clots 





Fig. 4.—-A, incision. B, exposure of the patella, torn tendon and lower portion 
of the quadriceps muscle 


separating the two parallel stitches; no. 30 wire (0.241 mm. [0.0095 
inch] ) is used. The placing of the stitches is shown in figure 5. The 
wires are pulled moderately taut, and the distal ends are twisted over 
the buttons (fig. 6). The sharp retractors can be removed, and if the 
Bunnell pull-out stitch has been correctly inserted the torn tendon edges 
lie in approximation with no undue tension on the tissues. Double 0 
chromic surgical gut stitches are now applied to the tendon edges in 
order to get good approximation of the tissue. We prefer to place the 


8. Bunnell, S. Surgery of Hand, Philadelphia, J. P. Lippincott Company, 
1944. 
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Fig. 5.—Placing of the Bunnell pull-out stitches 
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sutures in an X manner. This suture takes massive bites of the tendon 
and when drawn snugly exerts a lateral pressure of the longitudinal 
tendon fibers and does not tend to pull out, as do the usual mattress 
type sutures. Closure of the subcutaneous tissue is done with 000 
chromic surgical gut, and 000 silk is used for closing the skin. An ankle 
to groin cast is applied with the knee kept in the fully extended position. 

The cast is changed when the sutures are removed at the end of the two 
week period, and the patient is permitted to be up on crutches with no 
weight bearing on the leg, for one month from the day of operation. 
The Bunnell pull-out stitches are removed at the end of six weeks from . 
the day of operation, and the cast is left off. Weight bearing is now 
permitted on the leg with the use of crutches and later a cane. Physical 
therapy is most important and should be given daily by a competent 


Fig. 7.—Codivilla method of lengthening the tendon in a case of old retracted 
fibrotic tractured quadriceps tendon. 


therapist who understands the problem of quadriceps rehabilitation. 
Rough and forceful manipulation of the knee can produce a secondary 
rupture of the tendon even after this length of time. Heat and massage 
must be given in order to relieve muscle spasm and increase the elasticity 
of the formerly immobilized tissues. Graduated exercises especially 
against resistance are excellent for developing the quadriceps tone. 
3icycle exercises are prescribed as soon as the patient's condition permits. 
Cases vary, and so this phase of the treatment is left to the discretion 
of the attending surgeon. 

The cases seen late are a real problem. Fibrosis of the quadriceps 
makes reapposition of the torn tendon difficult and the loss of ultimate 
knee flexion is great. Industrial cases in which the patient is seen and 
treated late always carry a high specific loss of use of the extremity. 
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In order to approximate the tendon when contracture of the quadri- 
ceps is severe, a Codivilla tendon lengthening is necessary (fig. 7). This 
compensates for the apparent loss of over-all length of the extension 
mechanism of the knee. However, in the final analysis there is a com- 
pensatory loss of foot-pounds of extension power of the leg because of 
loss of amplitude of muscle excursior, of the quadriceps muscle during 
the act of knee extension. 

CONCLUSIONS 

1. Early diagnosis and surgical repair are essential if one hopes to 
get the maximum return of function. 

2. Every effort should be exerted to avoid contracture of the quadri- 
ceps and adhesions to the knee extension mechanism. 

3. The Bunnell pull-out stitches give excellent approximation and 
immobilization of the torn quadriceps tendon during the most active 
healing process of this injury. In our experience they should be left in 
for approximately six weeks. 





4. There is always some residual loss of flexion of the knee in such 
cases. In patients who receive adequate care early, especially in the 
younger age group, almost complete return of knee flexion can be 
anticipated. However, in patients seen late after the injury and in 
patients over 35 to 40 years of age, the loss of knee flexion may be up 
to 25 to 40 per cent of normal. 


DISCUSSION 


Dr. KetLtocc Speep, Chicago: I should like to say a word about this excel- 


lent presentation, particularly in regard to diagnosis. In the complete rupture, 
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there is not much difficulty in the diagnosis because the hiatus above the patella, 


rapid hematoma formation and loss of extensory power are easily discernible. 


rsa 


In the incomplete rupture or the chronic and long-standing unrecognized rupture, 
difficulty of diagnosis may appear, and such a rupture may be confused with 
conditions involving the knee joint which inhibit extension on account of pain 
or other interference with the joint action. 

(Slides) The first slide shows a rupture of the quadriceps tendon of ancient 
lineage in an elderly man, in which there had been deposited some calcific material. 
It was very difficult to say, although he had some depression above the patella, 
whether he had trouble in the joint or whether he had a tendon rupture, so far 
as the roentgen examination was concerned. 

This slide shows a somewhat similar picture in a man who had osteochrondritis 
dissecans, with a discharge into the knee joint of a rather large piece of material 
lying directly under the quadriceps tendon which had inhibited extensory power. 
The roentgen appearance caused the condition to be confused with complete 
rupture. 

The next slide shows a similar condition with a number of loose bodies or 
1 large piece, and the smaller pieces above the patella occupying the area right in 
the tendon. The next picture shows those reduced and removed, the patella 
itself removed and a plastic operation done to cure the defect left by it 
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In discussing the pathology, one may say that in many of these cases there 
is an extensive decrease in the collagen in the tendon fibers, along with loss of 
nuclei, healthful nuclei and sometimes fibroid degeneration or infiltration of the 
tendon, which lends itself to this easy rupture. In obese and very heavy per- 
sons there may be some fatty degeneration or change in the tendon sheath, but, 
as a rule, it is the loss of the collagen or the elastic properties in the tendon which 
may lead to this accident. 

In the November 1949 issue of the American Journal of Surgery there is an 
article on simultaneous bilateral rupture of the quadriceps tendon, in which the 
author is supposed to have compiled all the cases that have been reported in the 
literature. 

Dr. Roscoe C. Wesr, Minneapolis: I am glad that Dr. Speed has mentioned 
the case in which the patella had been removed. 


In June 1948 I operated on an 87 year old physician who had a rupture of the 
quadriceps tendon. He had slipped on the floor in his home, and he thought that 
he had a dislocated left knee. I saw him during the first hour after injury. The 


diagnosis was easily made because the femur could be palpated by placing a finger 
across the upper margin of the patella below the avulsed quadriceps tendon. He 
was operated on in the evening, about eight hours after injury. At that time 
the knee joint was greatly swollen, and the diagnosis might easily have been 
missed. Because of his age and the possibility of impaired function of the knee 
joint following any immobilization and because of my previous experience with 
removal of the patella for fracture or other injuries, I removed the patella and 
sutured the torn quadriceps to the remaining fascia and tendon, using silk as a 
suture material. Motion of the knee joint was started at once and continued 
throughout his convalescence. At this time the patient refuses to use a cane. 
He flexes and extends his knee joint normally and states that he has a strong 
useful knee. He says he has no pain in the knee. There is no apparent weak- 
ness of the quadriceps muscle when tested in flexion or extension, and he says 
that the knee does not give way 

Dr. Epncar Gitcreest, San Francisco: This paper appealed to me greatly 
because since 1924 I have been interested in ruptures of tendons and muscles, 
especially the large tendons and muscles of the extremities. It is surprising 
how often these ruptures are undiagnosed, and if diagnosed, neglected, especially 
partial tears and lacerations of the muscles. The result is that these patients are 
allowed to go months and years before anything is done for them. I remember 
one incident in which a man was riding horseback. His horse fell, and the horn 
of the saddle hit the internal vastus muscle, partially rupturing it. He was treated 
for about a year by physical therapy, and the pain continued in the knee 
I operated on him, and he was restored to full activity in about three and a half 
months. 

What occurs in the muscles and tendons of the quadriceps occurs in muscles 
all over the body when they are partially torn. It has been my observation that 
the patients complain of pain not so much where the muscle was torn but rather in 
the joint nearest to this lesion. That explains why these patients are treated 
for arthritis, synovitis, bursitis and other conditions 

If the patient is fat, often it is not easy to make a diagnosis. The easiest way 
is to have the patient recline and, with the light behind the examiner’s back, to 
test the muscular activity. Often will be observed an indentation or hiatus and 
then one will be able to palpate it. 

I am sure that thousands of persons are going about today with painful joints 
due to a partial laceration of a muscle that has been unrecognized. Dr. Scuderi’s 
paper calls attention again to this important subject 
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I was impressed with a paper that appeared in the March 1949 issue of the 
Journal of Surgery by Dr. Richey L. Waugh, of Boston, in which he reported 
50 ruptures of muscles and tendons, 90 per cent of which involve the biceps 
brachii. He was in San Francisco about fifteen or twenty years ago, and I got 
him interested in these ruptures; then he was moved to New Orleans, where he 
became the chief surgeon at the Marine Hospital, and observed 14 cases there. 
Up to that time, no one had ever operated on one of those ruptures in the 
hospital in New Orleans. Then he was transferred to the Marine Hospital in 
Boston and learned that few had been recognized there. Within a few years he 
had a large series of cases there, evidence that when one looks for such rup- 
tures they can be found. 

Dr. Carto Scuvert, Chicago: I wish to thank the discussers. I wish to say 
only one thing in closing. I must disagree with Dr. Webb in the use of silk, 
for this very obvious reason: If one uses silk, and it is heavy enough to give 
the necessary strength, it is of a caliber that is much too large to be tolerated 
well by the tissues. Some years ago I had a particular case that cured me 
eternally of using heavy silk. Perhaps people of 86 tolerate it a little better, 
but I would not recommend the use of silk sufficiently heavy to give tensile 
strength, because sooner or later it will cause trouble. 
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EXTRAN has been a nuisance in the sugar industry; particularly 
toward the end of the season the pipes in a sugar mill may become 
plugged owing to an excessive accumulation of dextran.’ This is a 
rather frequent occurrence. The organism Leuconostoc mesenteroides 
contaminates the sugar slime and produces dextran from the sugar 
The molecules may become extremely large, up to 2,000,000 or 3,000,000 
molecular weight. Under the electron microscope they appear to be 
branched, somewhat resembling a dead twig from a tree. In the early 
studies on dextran an effort was made to see if it would produce anti 
bodies in animals, and it was found that it did not. This led to the 
speculation that it might serve some useful purpose in clinical practice, 
and in 1944 Gronwall and Ingelman? of Sweden suggested the use of 
dextran as a substitute for plasma. 
The two best reviews on this subject are that of Thorsén * and that 


of Bull and his associates.* In these two articles the authors set forth 


the desirable qualities of the dextran that they used; it was called “dex- 


Presented at the Fifty-Seventh Annual Meeting of the Western Surgical 
Association, Santa Barbara, Calif., Nov. 29, 1949. 

From the Section on Anesthesiology (Dr. Lundy), Division of Surgery 
(Dr. Gray) and Section on Neurosurgery (Dr. Craig), Mayo Clinic 

1. This is now called “macrodex” and is distributed by Medical Specialties, 
Inc., Rochester, Minn. 

2. Grénwall, A., and Ingelman, B.: Untersuchungen tiber Dextran und sein 
Verhalten bei parenteraler Zufuhr, Acta physiol. Scandinav. 7:97-107, 1944 

3. Thorsén, G.: Dextran as a Plasma Substitute, Lancet 1:132-134 (Jan 
1949, 

4. Bull, J. P.; Ricketts, C.; Squire, J. R.; Maycock, W. d’A., Spooner, S. J. L.; 
Mollison, P. L., and Paterson, J. C. S.: Dextran as a Plasma Substitute, Lancet 
1:134-143 (Jan. 22) 1949 
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tran Ph” and was prepared by Pharmacia, of Stockholm, Sweden. 
Thorsén in summary said: 

Dextran Ph is a polydispersoid polymer of glucose with a molecular weight con- 
forming to that of albumin. It is totally eliminated from the body and is non-toxic. 
It is very useful as a substitute for blood and plasma in cases where an increase 
in blood volume or in colloid osmotic pressure is desired. 

Actually, serum albumin molecules average 150 Angstrom units 
long and 36 Angstrom units in diameter,® whereas it has been calculated 
that a dextran molecule with a molecular weight of 36,000 or larger is 
360 Angstrom units long but only 14 Angstrom units in diameter. The 
small molecules of dextran pass through the kidneys rather readily. 
The large molecules, which tend to stay within the circulation longer, 
will run from about 84,000 to 141,000 in molecular weight, and the 
measurements correspond to 500 Angstrom units in length, with a 
diameter varying from 17 to 19 Angstrom units." 


A personal communication from Maycock,’ adviser to the Lister 
Institute and one of the co-authors with Bull, indicated that the British 
are preparing dextran and it would appear that they also will be suc- 
cessful in producing a good product. Maycock indicated that he is not 
entirely satisfied about the disappearance of dextran from the body and 


stated that, using the serologic method of determination, he demonstrated 
it in the tissues, particularly the skin, brain and bone marrow, of the 
rabbit up to sixteen weeks after the injection of 9.2 Gm. per kilogram 
of body weight given as a 6 per cent solution over seven days. This 
is a very large dose and exceeds any given to a human being. In some 
batches that he has used he has discovered that 30 to 40 per cent of the 
material has been of small molecular weight and was excreted within 
twenty-four to thirty-six hours after infusion into the human body. He 
feels that if dextran is to be a good plasma substitute its molecular com- 
position should be held within fairly close limits and he hopes by acetone 
fractionation to obtain a product not more than 5 per cent of which has 
a molecular weight of more than 120,000. These objectives no doubt 
will be fulfilled as more experience is gained with the use and manu- 
facture of the substance. 


Early in 1946 we were supplied by Schenley Laboratories, Inc., with 
a preparation of dextran under the name of “drolan.” This material 
was used on animals in the laboratory of Dr. Hiram E. Essex and 


showed no toxic reactions on the part of rabbits. Thomas and Essex * 


The Angstrom unit 0.1 millimicron. 
6. Gronwall, A Personal communication to the authors 
7. Maycock, W. d’A.: Personal communication to the authors 
8. Thomas, W. D., and Essex, H. E.: Observations on the Hepatic Venous 
Circulation with Special Reference to the Sphincteric Mechanism, Am. J. Physiol. 
158: 303-310 (Aug. 1) 1949 La 
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were able to show, while observing the flow of blood cells through capil- 
laries in a Clark window in a rabbit’s ear, that when the dextran was 
administered intravenously to the animal the white cells disappeared 
and leukopenia developed and that a few hours later the white cells 
reappeared and leukocytosis occurred. Interestingly enough, this effect 
could not be reproduced for a period of several days in the animal, but 
at the end of a week or ten days it could again be demonstrated. In only 
2 animals in a series that was being studied for shock produced by 
Ascaris extract, which, as a rule, has a severe effect not combated readily 
by ordinary means, did the prior administration of dextran almost 
eliminate signs of shock. Thomas and Essex considered this to be most 
unusual, but time did not permit further investigation of the phenomenon. 

It was known that in Sweden the material had been used for about 
three years, and one of us (Lundy) used it clinically in April 1946. The 
material was first tested on a patient undergoing thoracolumbar sympa- 
thectomy for the relief of hypertension (Craig). The patients in whom 
it was employed were anesthetized and showed no untoward results. It 
also was used on a few unanesthetized patients, perhaps 2 or 3, without 
untoward results. A report by Turner, Butler, Smith and Scudder ° 
stated that they used part of the same batch of material on unanesthetized 
patients and observed marked and severe reactions. Later we used it on 10 
unanesthetized patients, in several of whom we observed the same unto 
ward reactions of rash, urticarial blotches with pruritus, feeble pulse, 
anxiety, dyspnea and apprehension. This material had been sent to us 
under the trade name of “‘macrose,” and several hundred bottles of 500 
cc. were used. It was clear to us that the circulating volume in the 
cardiovascular system was well supported.’° 

When the supply of this material was exhausted, Upjohn’s gelatin," 
with a molecular weight of 43,000, was used. The clinical impression 
was that one needed a stimulant such as ephedrine more often when 
gelatin was used than when dextran was used. When Schenley Labo 
ratories, Inc., discontinued their interest in “macrose,”’ one of us 
(Lundy) was supplied with material directly from Pharmacia in Stock- 
holm. We found that the preparation caused no reactions in anes- 
thetized or unanesthetized patients except in 1 case, in which there was 


a little puffiness of the lips in an unanesthetized patient for twenty 


9. Turner, F. P.; Butler, B. C.; Smith, M. E., and Scudder, J.: Dextran 
An Experimental Plasma Substitute, Surg., Gynec. & Obst. 88:661-675 (May) 
1949, 

10. Ravdin, I. S.: The Quest for a “Blood” Substitute, editorial, Surgery 
26:705-706 (Oct.) 1949. 

11. Seldon, T. H.; Lundy, J. S.; Adams, R. C., and Cook, E. N.: Parenteral 
Administration of Gelatin, Proc. Staff Meet., Mayo Clin, 20:468-469 (Nov. 28) 
1945. 
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minutes. Several hundred bottles of the 380 cc. size have been used 
clinically with what appears to be benefit in combating anticipated 
shock or in treating actual shock. The quantity given to different 
patients has varied from one bottle to three bottles. Because of the 
variety of names under which the material was given, we cannot state 
exactly the number of patients in whom it was employed, but from the 
number of bottles used it is estimated that from 900 to 1,000 patients 
were treated with this material. Since the material is not a substitute 
for blood,'® the latter has been used when it was indicated because of 
blood loss or anemia. The early administration of dextran in major 
operations has seemed to be beneficial. The greatest number of patients 
to whom dextran has been administered have been those undergoing 
neurosurgical procedures, especially the thoracic lumbar sympathetic 
operation for hypertension. However, we have also used it in operations 
on the upper part of the abdomen, large bowel and pelvis and in ortho- 
pedic operations and scattered miscellaneous cases. 

Part of the interest stemmed from the hope that dextran repre- 
sented a type of material that would stay in the circulation and support 
the circulating volume in the cardiovascular system. The skepticism 
today regarding the use of plasma from the standpoint of the hazard of 
homologous serum jaundice and virus infection and the question of 
whether or not irradiation of plasma frees it from this hazard, the com- 
plications involved in blood transfusions carried out on a large scale 
(which are increasing as more is learned about blood groupings, sub- 
groups, the Rh and Hr factors and so forth), the cost of operating blood 
banks, the danger of errors resulting in the administration of incom- 
patible blood in war or in civilian practice and the potential problem of 
preparing for another war are all factors which increase the importance 
of the study and use of a material such as dextran which can be given 
in an emergency without previous laboratory examination and can wholly 
or in part substitute for blood. 

Other substances that have been tried are isinglass, pectin, acacia 
and periston. This last substance, produced in Germany during World 
War II by Weese,’? was used in more than 100,000 instances in the 
Wehrmacht as a 2.5 per cent solution, that is, 2.5 per cent polyvinyl 
pyrrolidone dissolved in standard Ringer’s solution. Weese has recom- 
mended personally to one of us (Lundy) that periston be used in 3.5 
per cent solution, since 3 per cent solution has about the same colloidal 
osmotic pressure as plasma. In clinical practice we find that the 3.5 
per cent solution gives a much better result than the 2.5 per cent solution 
from the standpoint of maintaining blood pressure. It is our impression 


that the blood pressure is better sustained, although our series is very 


small and may not be significant. 


12. Weese, H Personal communication to the authors 
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Recently Morrison '* completed a nine months’ investigation of the 
use of several substances, using guinea pigs as well as rabbits, which 
bears out the statement that 3.5 per cent solution of periston is more 
effective than 2.5 per cent solution and that “dextran Ph” and 3.5 per 
cent solution of periston are about equally effective. 

Wilkinson,'* of Sir James Learmonth’s clinic in Edinburgh, wrote 
to one of us (Lundy) about dextran made by Pharmacia. He had 
as good results from its use as we have had. 

In summary, it is possible to prepare dextran with a range of 
molecular size similar to that of the plasma proteins. The solution is 
well tolerated as an infusion by man and is not pyrogenic, toxic or anti- 
genic. Such dextran, after infusion into animals and man, is only slowly 
removed from the plasma over about a week. Dextran has proved effi- 
cacious as a plasma substitute in cases of burns and has produced a sus- 
tained increase in the venous return in patients with surgical shock or 
hemorrhage. We have had a few cases in which profound shock was 
developing and in spite of blood transfusion in a quantity which ordi- 
narily one might expect would support the patients their conditions 
became grave and it seemed likely that they might die. We have been 
greatly gratified in these cases by the beneficial effect of dextran, and 
we feel that it has been lifesaving in some of them. In such cases mate- 
rials such as dextran, periston and gelatin are definitely indicated for 
supporting circulating volume in the cardiovascular system. They 
remain within the vessels much longer than can be expected of blood or 
plasma or solutions of crystalloid materials. We have seen no harm 
come from the use of the imported solutions of dextran or when gelatin 
or periston has been used. The only untoward result observed was 
when periston was administered to dogs. ; There seems to be a species 
sensitivity in dogs for polyvinyl pyrrolidone, the essential element in 
periston. 

At the moment the cost of dextran seems to be high if one is to 
compare it with some other preparations. However, when a blood bank 
has to be operated and the patient has to pay for the blood, dextran is 


much less trouble to handle and to use and is cheaper. The import duty 
is $4.67 a bottle at present, and that, added to the cost of manufac- 


turing, transportation and handling and some margin of profit to the 
distributor, has made dextran cost $13 a bottle F.O.B.** The first bottles 

13. Morrison, A. E An Evaluation of Replacement Fluids in Laboratory 
Animals Following Controlled Hemorrhages, Thesis, Graduate School, University 
of Minnesota, 1949. 

14. Wilkinson, A. W.: Personal communication to the authors 

15. Since this paper was written the devaluation of the krona has reduced the 
price, and when arrangements are completed for dextran to be made in the United 
States the price will be reasonable. 
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contained 380 cc. The bottles that will soon be available will contain 
500 ce., presumably to sell at the same price. In some instances dex- 


tran has appeared to be lifesaving, and when multiple transfusions have 
not produced the desired result it is difficult to say that the material is 
at all expensive. Efforts are being made to interest manufacturers in 


this country in dextran or, if possible, to get the Swedish company, 
which patented its process in 1949 in this country, to start manufac- 
turing it here. In the meantime, from the viewpoint of results we do 
not care to be without the material at the present price. 


DISCUSSION 

Dr. Cuartes W. McLAvuGHLin Jr., Omaha: This presentation of a new sub- 
stance which would seem to serve as an adequate substitute for plasma is certainly 
of great interest to all in surgery. The late war and the increasing requirements 
for a material to maintain circulating blood volume make any new agent of 
increasing value to the surgeon. It was thought during the past six or seven years 
that in plasma this substance had been found and might be continuously available. 
It is our mutual experience that plasma probably is not that substitute, and the 
constant fear that even irradiation may not obviate the complication of homologous 
serum jaundice has made us hesitant to use it in many instances when formerly 
it would have been employed without thought. 

The economic factor certainly is one of no small consequence. Irradiated plasma 
is very expensive. In a catastrophe its general use, as would be required, is almost 
prohibitive. 

It is to be emphasized again that dextran as here presented is not a substitute 
for blood but is an agent which will apparently restore the circulating volume 
If this agent or a comparable agent can be made available to us all at a reasonable 
cost, its value will be tremendous, both in civilian practice and in the preparation 
for that possible eventuality of another conflict. 

Dr. Howarp E. Snyper, Winfield, Kan.: I have enjoyed this presentation and 
hearing of this new plasma substitute, or whatever one wishes to term it. I think 
Dr. Gray has wisely avoided the use of the word “bbood substitute” and called 
attention to the fact it should not be called that. Some of us in the recent war had 
opportunity to talk with the Germans who used periston and compare it with our 
results with plasma. Those of us who did were all of the opinion that plasma was 
far superior to periston, and I think Dr. Gray would agree with that. 

Another of our problems in the last war was the use of plasma when blood 
should have been used. Dr. Gray has said that it is used only after the blood has 
been replaced in the quantities thought to be necessary in any individual case. 
When the war started, many of us had the idea that plasma was the thing that was 
needed, and we did not have any idea of the extent of blood loss in the battle 
casualties we were called on to treat. Subsequent clinical observations and blood 
volume determinations. definitely demonstrated that the shock, in almost every 
instance, was due to loss of whole blood. In discussing any of these substitutes 
we should keep that in mind. If a satisfactory substance, such as dextran may be, 
is developed, there will be great danger that it will be used when whole blood 
should be given. 

In my own opinion there is little place for a blood substitute in the treatment 
of surgical shock, and I think that until it has been definitely shown that there are 
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patients who require something other than blood in the treatment of shock—we 
all know the exceptions—we should be wary of recommending the use of any such 
substance as dextra,. 

What are the dangers? We found that in some battle casualties treated for 
shock with plasma in the forward stations and then evacuated to a hospital where 
they might receive care, the blood was so diluted that they could not be given 
sufficient whole blood to prepare them adequately for surgical procedures. In other 
words, blood volume had been replaced by plasma rather than whole blood, and 
an adequate quantity of whole blood could not then be given without increasing the 
blood volume to a dangerous point. 

Dr. Howarp K. Gray, Rochester, Minn.: I need not emphasize, as Dr. Snyder 
has, that this is not a blood substitute and is not intended to be presented as such. 
It is merely something that is available and will support circulating blood volume 
without a toxic or irritating effect of any kind, so far as we can tell, if one 
uses the Swedish preparation “dextran Ph.” 

We sincerely hope that the Swedish rights to this material will be available 
in this country and that either the Swedish firm will manufacture it themselves 
or that they will license an American manufacturer to make it, because the import 
duty of almost $5 for 380 cc. is nearly prohibitive at this time. They cannot see 


much reason for such a high import duty on a substance that is not competing with 
7 


anything on the market in this country at the present time. 

In regard to our experience with irradiated plasma, we have had 2 patients 
in whom homologous serum jaundice has already developed after the use of this, 
and I tell you that for what it is worth, in spite of the full page advertisement 
in The Journal of the American Medical Association. 

The substance dextran is simple to give. It comes in bottles at the present 
time. The only bottle that the Swedish firm has available, evidently, looks like 
a “7-Up” bottle. The substance is rather sticky and should, if blood is to be given 
soon after, be flushed through the tube with some sodium chloride solution, which 
is good practice even with ordinary dextrose. 

It is a most interesting substance. We use it a great deal in our operating 
room, or Dr. Craig does, and that is why we were interested in presenting it to 
you, having used it clinically perhaps a little bit more than some of our associates. 
We have used it in patients in routine procedures, resections of the stomach and 
similar operations, in our series. When the anesthetist notices that the patient 
is getting a little wet or that the pressure is beginning to fall off the use of dextran 
is of great value, and it saves many times the cost and the difficulty in giving 
blood. 

If $15 were the actual cost F.O.B., the price would come to around $17 for 380 
cc., and we hope it will be 500 cc. when the new substance is marketed. When a 
similar amount of blood is used, the cost is almost twice as much, because in our 
area we have to pay professional donors $25 for a pint of ‘blood, and there is the 
added expense of the laboratories, the various determinations, including that of 
the Rh factor, the cost of the material and the upkeep of equipment. 

The second advantage is that it reduc-s tremendously the drain on the blood 
bank, and in certain areas where the difficulties of obtaining blood may be promi- 
nent that is not an inconsiderable factor. 

May I stress again that this is not a blood substitute? It will support circulating 
blood volume, and when blood is not available it is of great value and may be 
lifesaving. 
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HE IMPORTANCE of potassium in the management of surgical 

patients has been recognized only in the last few years. While some 
of the indications for potassium therapy in surgical patients are now 
definitely established, there is lack of agreement on whether or not paren- 
teral potassium therapy should be used in cases showing minor degrees 
of depression of the serum potassium levels and on whether or not 
potassium should be added routinely to the fluids given parenterally in 
major surgical cases. It has been shown that there is a negative potas- 
sium balance incidental to surgical operation,’ and other forms of stress,? 
accounted for only in part by catabolic loss. It has also been demon- 
strated that the intravenous administration of fluids in itself leads to 
increased potassium loss. Stewart and Rourke * and others have shown 
that this potassium loss is greater with the administration of sodium 
chloride solution than with the administration of glucose solutions in 
water. It has also been shown that dehydration alone leads to potassium 
loss.* The addition of potassium chloride to infusions has been shown 
1b 


to maintain a positive potassium balance.’ Potassium losses likewise are 


known to occur with starvation,’ limited or absent potassium intake, 

Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa- 
tion, Santa Barbara, Calif., Nov. 29, 1949. 

1. (a) Berry, R. E. L.; Iob, V., and Campbell, K. N.: Potassium, Metabolism 
in the Immediate Postoperative Period, Arch. Surg. 57:470 (Oct.) 1948. (b) 
Randall, H. T.; Habif, D. V.; Lockwood, J. S., and Werner, S. C.: Potassium 
Deficiency in Surgical Patients, Surgery 26:341, 1949. (c) Howard, J. E., and 
Carey, R. A.: The Use of Potassium in Therapy, J. Clin. Endocrinol. 9:691, 1949. 

Selye, H.: The General Adaptation Syndrome and the Diseases of Adapta- 
tion, J. Clin. Endocrinol. 6:117, 1946. 

3. Stewart, J. D., and Rourke, G. M.: The Effects of Large Intravenous 
Infusions on Body Fluid, J. Clin. Investigation 21:197, 1942. 

4. Elkinton, J. R., and Winkler, A. W.: Transfers of Intracellular Potassium 
in Experimental Dehydration, J. Clin. Investigation 23:93, 1944. 

5. Winkler, A. W.:; Danowski, J. R.; Elkinton, J. R., and Peters, J. P.: 
Electrolyte and Fluid Studies During Water Deprivation and Starvation in Human 
Subjects, and the Effect of Ingestion of Fish, of Carbohydrate, and of Salt Solu- 
tions, J. Clin. Investigation 23:807, 1944. 
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loss of gastrointestinal fluids as in cases of diarrhea,® fistulas and bowel 
obstructions, hemorrhage,’ loss of serum from burns and wound drain- 
age,* excessive sweating, certain forms of renal insufficiency, the recovery 
stage of diabetic acidosis ® and alkalosis and hypochloremia.'® 

Most reports on potassium metabolism have dealt with small groups 
of carefully selected cases. The studies which we have conducted and 
on which this preliminary report is based were prompted by the thought 
that data should be accumulated on a larger group of consecutive unse- 
lected major surgical cases. 

Studies were made in two different periods. Our attention was 
first focused on serum potassium levels and potassium excretion in 
hepatic function tests in which ion studies were a part of the determina- 
tions made. Thirty patients undergoing surgical procedures on the 
biliary tract and 42 other surgical patients comprised the number in 
this group. Serum potassium levels below 3.8 milliequivalents per liter 
were encountered in 9 of the 30 patients undergoing operations on the 
biliary tract and in 8 of the 42 other surgical patients. Chart 1 4 
shows five of the tests made on a 77 year old man who underwent 
cholecystectomy for chronic cholecystitis and cholelithiasis and in whom 
cirrhosis of the liver was found in a rather advanced stage. It will be 
noted that there was a gradual fall in the serum potassium level corres- 
ponding with decreased total cholinesterase levels, positive cephalin 
flocculation and increased serum bilirubin. This case suggested that 


serum potassium levels might have some value as an index of hepatic 


6. Darrow, D. C.: The Retention of Electrolyte During Recovery from 
Severe Dehydration Due to Diarrhea, J. Pediat. 28:515, 1946. Govan, C. D., Jr., 
and Darrow, D. C.: The Use of Potassium Chloride in the Treatment of the 
Dehydration of Diarrhea in Infants, J. Pediat. 28:541, 1946. 

7. Stewart, J. D., and Rourke, G. M.: Intracellular Fluid Loss in Hemorrhage, 
J. Clin. Investigation 15:697, 1936. 

8. Moore, F. D.: Electrolyte Metabolism and Nutrition in Surgery, to be 
published. 

9. Holler, J. W.: Potassium Deficiency Gccurring During the Treatment of 
Diabetic Acidosis, J. A. M. A. 131:1186 (Aug. 10) 1946. Nicholson, W. M., 
and Branning, W. S.: Potassium Deficiency in Diabetic Acidosis, J. A. M. A. 
134:1292 (Aug. 16) 1947. Danowski, T. S.; Hald, P. M., and Peters, J. P.: 
Sodium, Potassium and Phosphates in the Cells and Serum of Blood in Diabetic 
Acidosis, Am. J. Physiol. 149:667, 1947. Martin, H. E., and Wertman, M.: 
Electrolyte Changes and the Electrocardiogram in Diabetic Acidosis, Am. Heart 
J. 34:646, 1947. Frenkel, M.; Groen, J., and Willebrands, A. F.: Low Serum 
Potassium Level During Recovery from Diabetic Coma, Arch. Int. Med. 80:728 
(Dec.) 1947. 

10. Van Slyke, K. K., and Evans, E. I.: The Significance of Urine Chloride 
Determinations in the Detection and Treatment of Dehydration with Salt Depletion, 
Ann. Surg. 128:391, 1948. 
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Chart 1B shows the same determinations in another aged 


white man with a stone in the common duct whose convalescence was 


stormy and protracted. 


It may be noted here that the seruin potassium 


level fell to less than 3 millsequivalents per liter on the fifth postoperative 


day. 


After a preliminary review of the data on this first group of cases, 


it was decided to focus attention on potassium metabolism and to make 


more frequent determinations of both serum and urinary potassium levels 


than had been made in the first group. 


various studies which were made in the second group of cases. 


In table 1 are enumerated the 
In this 


second group 38 consecutive major surgical cases and 5 minor surgical 


cases were studied. 
operation. 


Table 2 lists these cases according to diagnosis and 


For most of these patients serum potassium levels were determined 


twenty-four hours before operation, one and one-half hours before opera- 
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A, chart of patient aged 77 who underwent cholecystectomy for chronic 


cholecystitis and cholelithiasis and who had advanced cirrhosis of the liver. B, chart 
of a patient aged 71 who underwent cholecystectomy and choledochostomy for 
chronic cholecystitis, cholelithiasis and choledocholithiasis. 


tion, immediately after operation, twenty-four hours after operation, then 


at intervals of twenty-four hours until a normal level was reached and 


thereafter at forty-eight to seventy-two hour intervals during the remain- 


der of the stay in the hospital. Determinations were made on urine in the 


following fractions: total amount of urine for the day prior to operation, 


one and one-half hours before operation, during the surgical procedure, 


within three hours afterward, three to six hours afterward, during the 


remainder of the operative day until 7 a. m. the next morning and then 


every twenty-four hours for the rest of the hospital stay. 


Serum potassium was determined by the method of Sideris 


11+ sodium 


by the method of E. J. King '*; calcium by the method of Clark and 


11. Sideris, C. P.: 
12. King, E. J.: 
Stratton, 1947, p. 40. 


Indust. & Engin. Chem. (Analyt. Ed.) 14:821, 1941. 


Micro-Analysis in Medical Biochemistry, New York, Grune & 
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Major Surgical Cases 


and in 5 Minor Surgical Cases 


Serum Urine 
Na 
K 

P 

cl 


Urie acid 


Creatinine 
Specific gravity 


Total protein 
Specific gravity 
Hemoglobin 


Volume 


TABLE 2.—Cases in Group 2 in Which Studies Were Made 


Gas:rie Return 
Na 
kK 
Cl 
Pp 
Volume 


Listed According 


to Diagnosis and Surgery 


Diagnosis 


Subacute cholecystitis; cholelithiasis 

Chronic cholecystitis; cholelithiasis 

Acute obstructive cholecystitis; cholelithiasis 

Cholecystitis; cholelithiasis 

Chronie cholecystitis 

Chronie cholecystitis; chronic hepatitis 

Carcinoma of bladder 

Adenoma of prostate 

Adenoma of prostate 

Benign prostatic obstruction 

Vesical papilloma, malignant 

Term pregnancy; placenta previa 

Term pregnane previous cesarean section 

Term pregnanc fetopelvie disproportion 

Sterility; chronic salpingitis with adhesions 

Sterility; biliary cyst of broad ligament 

Chronie cystic oophoritis, right side 

Submucous myofibroma of uterus; 
retroverted uterus; rectocele 

Myofibroma of uterus 

Adenocarcinoma, fundus uterus 

Recurrent carcinoma, cervix; vesicovaginal fistula 


prolapse of 


Duodenal ulcer with pyloric obstruction 
Femoral hernia with intestinal obstruction 


Multiple gastric ulcerations 


Adenocarcinoma of colon 

Carcinoma of sigmoid 

Adenoma of right lobe, thyroid 

Nodular goiter, nontoxic 

Osteomyelitis, patella; septic artaritis, knee joint 
Malignant hypertension 


Varicocele; inguinal hernia 

Inguinal hernia 

Inguinal hernia 

Incision of hernia; partial intestinal obstruction 

Chronie intestinal obstruction 

Adhesions, sigmoid to broad ligament 

Chronie intestinal obstruction 

Carcinomatosis of gallbladder, common duct and 
hepatic duct 

Inoperable carcinoma of breast 

Localized pyogenic mastitis 

Ureteral obstruction with hydronephrosis 

Carcinoma of prostate 

Rectocele; cystocele 


Operation 


Cholecystectomy 

Cholec ectomy 

Cholecystectomy 

Cholecystectomy 

Cholecystectomy 

Cholecystectomy 

Cystostomy; ureterosigmoidostomy 
Prostatectomy 

Suprapubic prostatectomy 
Suprapubic prostatectomy 

Partial cystectomy 

Cesarean section 

Cesarean section 

Cesarean section 

Lysis of tubal adhesions 

Excision of paroophoron cyst 
Oophorectomy, right side 

Total hysterectomy; colpoperineoplasty 


Total hysterectomy 
Panhysterosalpingo-oophorectomy 
(1) Ureterosigmoidostomy on right side 
(2) Ureterosigmoidostomy on left side 
(3) Panhysterosalpingo-oophorectomy; 
eystectomy 
Partial gastrectomy; cholecystectomy 
Herniorrhaphy; partial resection of 
small bowel 
Total gastrectomy; splenectomy; 
partial pancreatectomy 
Partial colectomy; partial gastrectomy 
Partial colectomy 
Hemithyroidectomy, right side 
Hemithyroidectomy, left side 
Excision of patella joint; debridement 
Thoracolumbar sympathectomy, 
right side 
Varicocelectomy; inguinal herniorrhaphy 
Inguinal hérniorrbaphy 
Inguinal herniorrhaphy 
Lysis of adhesions; repair of hernia 
Laparotomy: lysis of adhesions 
Laparotomy; lysis of adhesions 
Laparotomy; lysis of adhesions 
Exploratory laparotomy 


Biopsy of cervical glands 

Excision of breast abscess 
Cystoscopy; retrograde pyelography 
Cystoscopy; orchidectomy 
Colpoperineoplasty; colpoplasty 
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Collip '*; chlorides by the method of Whitehorn ; carbon dioxide content 
by the procedure adapted from that of Van Slyke and Cullen by P. B. 
Hawk and others,’* and serum proteins by the method of Wolfson, Cohn, 
Calvary and Ichiba.** The blood hemoglobin determinations were made 
by the method of Sheard and Sanford.'® 


Complete data were not obtained on all patients for various reasons. 
Hemolyzed blood specimens resulting from careless technic invalidated 
a number of serum potassium determinations. It was not possible to 
secure blood specimens on all patients twenty-four hours prior to opera- 


tion, and in others not all the desired blood and urine specimens were 
obtained because of errors of omission on the part of the various mem- 
bers of the medical and nursing staff involved. Nevertheless, the studies 
were of considerable value in the postoperative management of the cases 
involved, and data were accumulated which permit certain observations. 

The management of surgical cases in this group was not altered in any 
way for the purpose of the study. The general plan of management was 
that which is routine for such cases on the surgical service of our clinic. 
Transfusions were used in all instances prior to surgical operation in 
sufficient quantity to obtain normal hemoglobin and red blood cell ievels. 
Pentobarbital sodium was given one and one-half hours before operation 
and morphine and scopolamine or morphine and atropine thirty to forty- 
five minutes before. The selection of the anesthetic agents used was 
made by the anesthetist. These included thiopental sodium, pentothal® 
sodium and cyclopropane in 15 cases, subarachnoid block alone in 13 
cases, subarachnoid block and thiopental sodium in 4 cases, subarachnoid 
block and cyclopropane in 1 case, thiopental sodium alone in 2 cases, 
cyclopropane alone in 2 cases and procaine hydrochloride in 1 case. 
Curare was used in many cases in which subarachnoid block was not 
used. 

An attempt was made to replace all but minor blood losses during or 
immediately after the surgical procedure; 4 patients received blood dur- 
ing the operation, 2 patients during and after the operation and 9 patients 
within six hours after operation. Twenty-nine were given 5 or 10 per 
cent dextrose intravenously during the operation, and the average amount 

13. Clark, E. P., and Collip, J. B.: Tisdall Method for Determination of 
Blood Serum Calcium with a Suggested Modification, J. Biol. Chem. 63:461, 1925. 

14. Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological 
Chemistry, ed. 12, Philadelphia, The Blakiston Company, 1947, p. 625. 

15. Wolfson, W. Q.; Cohn, C.; Calvary, E., and Ichiba, F.: Studies in Serum 
Proteins: V. A Rapid Procedure for the Estimation of Total Protein, True 
Albumin, Total Globulin, Alpha Globulin, Beta Globulin and Gamma Globulin in 
1.0 MI. of Serum, Am. J. Clin. Path. 18:723, 1948. 

16. Sheard, C., and Sanford, A. H.: Photo-Electric Hemoglobinometer : 
Clinical Applications of Principles of Photo-Electric Photometry to Measurement 
of Hemoglobin, J. Lab. & Clin. Med. 14:558, 1929. 
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infused was 800 cc. For the 24 patients receiving fluids in the first 
three hours after surgical intervention the average was 1,060 cc.; for 6 
receiving fluids three to six hours afterward the average was 665 cc. 
With few exceptions, sodium chloride was not used in the infusion. 

In the 38 consecutive major surgical cases studied, serum potassium 
levels less than 3.8 milliequivalents per liter were found in 26 cases. 
Potassium therapy was deemed essential in 7 of these. Clinical data 
as well as the degree of hypokaliemia would indicate that potassium 
therapy could have been used to advantage in 11 others. With a few 
exceptions, potassium therapy was withheld in this series of cases unless 
it was thought essential. 

Fluctuations in serum potassium levels at the different intervals were 
extremely variable and more or less unpredictable. Levels from one 
period to the next ranged between +2.10 milliequivalents and -— 3.05 
milliequivalents. This spectacular drop occurred in a man age 70 under- 


TABLE 3.—Average Urine Volume and Urine Potassium Excretion Rates in 38 
Major Surgical Cases 





24 Hr. 1% Hr. 0-3 Hr. 3-6 Hr. 
Preopera- Preopera- During Postopera Postopera 
Period tively tively Operation tively tively 


Urine volume 
Ce./E 71.96 53.8 49.35 96.18 56.12 


Mg./Hr . 60.31 82 
, ) 8, eee ( 1.54) ( 1.27) ( 2.10) 


going prostatectomy who had a severe postoperative hemorrhage. In 26 
cases in which both immediate preoperative and postoperative blood 
determinations were made, 13 showed a rise in serum potassium after 
operation and i3 showed a fall, The lowest average serum potassium 
reading for the 33 major surgical cases was 3.25 milliequivalents per 
liter and the highest 4.97 milliequivalents per liter. 

From these figures it is apparent that any average serum potassium 
levels for the different periods studied would have no value. The only 
cases approaching a more or less set pattern for the serum poiassium level 
was the group of 6 in which cholecystectomies were performed. 

No correlation could be demonstrated between anesthetic agents 
used and serum potassium fluctuations or urinary potassium excretion. 

Urine volume and urine potassium excretion rates also tended to vary 
rather widely and unpredictably yet showed more of a constant pattern 
than did the serum potassium levels. Table 3 shows the excretion rate 
of potassium in milligrams per hour and millimols per hour and the 
urine volume in milliliters per hour for the preoperative, operative and 
early postoperative periods. These excretion rates for water are higher 
and the excretion rates for potassium lower than those given in some 
other reports. 
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Inasmuch as our patients studied were on general nursing care, no 
attempt was made to conduct an accurate balance study, and hence com- 
parison cannot be made with carefully controlled studies. However, in 
this series of unselected consecutive cases many patients were ir **> ‘der 
age group (see table 4) and a number were poor operative ri: e 
rule of thumb followed in the parenteral administration of fluids wa. acn 
that enough was given to cover insensible loss plus 1,500 cc., along with 
sufficient to take care of any abnormal fluid losses. Infusions given in 
most cases were completed during the daylight hours. There were but 
3 patients who died, and these included a 58 year old man undergoing 
prostatectomy who died on the fifteenth postoperative day of uremia, a 
76 year old woman with inoperable carcinoma of the gallbladder, com- 
mon duct and liver and an 88 year old woman who died twelve days after 
partial colectomy for carcinoma of the splenic flexure. In none of these 
cases could infusion therapy be considered a factor in the fatal outcome. 


TABLE 4.—Age Distribution 


Major Surgical Minor Surgical 
Jases Jases 


ase. 
1 
0 
0 

1 

1 

1 

1 

0 
0 


Graphs of serum potassium levels, urine volume and urine potassium 
excretion rates illustrate general trends. Four of the patients under- 
going cholecystectomy are represented in individual graphs; chart 2 4 
depicts levels in 1 of the patients in whom three subnormal serum 
potassium levels were found. This patient received 1 Gm. of potassium 
chloride approximately twenty-four hours after operation because of a 
reading of 3.38 milliequivalents of potassium per liter of serum in the 
immediate postoperative blood sample. This was ordered by a resident 
uninformed of the purpose of the study and probably did not contribute 
to the patient’s smooth convalescence. There were no recognized symp- 
toms of potassium deficiency on the third and fourth days when levels of 
3.05 and 2.97 were found. It is interesting to note that in this case and 
in the 3 that follow the urine volume was higher in the twenty-four 
hours preceding surgical treatment than that found in normal persons. 

Chart 2 depicts levels in a 41 year old woman who underwent 
cholecystectomy and whose convalescence was fairly smooth except for 
nausea and vomiting on the third postoperative day requiring the use 
of a nasogastric tube for about six hours. This patient left the hospital 


on the ninth postoperative day, and for some reason the low serum potas- 
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sium level on the sixth postoperative day had been overlooked. She 
was eating only fairly well when she went home, and she returned to the 
clinic four days later complaining of nausea, anorexia and weakness. 
Again the last low serum potassium level was overlooked. No further 
determination was made and no specific potassium therapy instituted. 
It seems rather likely that this low serum potassium level may have 
accounted for her symptoms. It is interesting to note that the preopera- 
tive twenty-four hour volume of urine totaled well over 3 liters in this 
patient. 

Chart 3 A represents a 76 year old male patient who showed serum 
potassium levels below 3 milliequivalents on the first and fourth days fol- 
lowing cholecystectomy. No specific therapy was instituted, but with 
oral feedings a normal level was reached on the sixth postoperative day. 
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Fig. 2.—A, chart of a patient aged 47 who underwent cholecystectomy for chronic 


cholecystitis and cholelithiasis. B, chart of a patient aged 41 in whom cholecys- 
tectomy was performed for chronic cholecystitis. 


This person excreted only 2 liters of urine in the twenty-four hours 


before operation. Nervous stress incidental to anticipation of a major 


surgical procedure did not produce as much diuresis as it did in the 
younger women represented in chart 2 or in the younger man in chart 
3B. This patient showed more than the usual elevation in the rate of 
potassium excretion on the first, second and third days. In spite of this, 
only the third and fifth day serum potassium levels were below a normal 
range. Chart 4 is a graph of the averages of six cholecystectomies 
in this series. It may be regarded as typical of the curves following 
cholecystectomy in the cases which we have studied. Urine volume is 
abnormally high in the preoperative twenty-four hours. Urine potas- 
sium excretion is high on the operative day and on the two days that 
follow. A drop in serum potassium is usual in our cases. 
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The next three charts represent cases in which potassium therapy 
may be regarded as life saving. Chart 5 A represents a man 81 years 
of aye who was admitted to the hospital with a history of abdominal 
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Fig. 3.—A, chart of a patient aged 76 who underwent cholecystectomy for 
chronic cholecystitis and cholelithiasis. B, chart of a patient aged 34 in whom 
cholecystectomy was performed for chronic cholecystitis and chronic hepatitis. 
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Fig. 4.—Average figures in cases in which cholecystectomy was performed. 


pain, vomiting and constipation for five days. He was dehydrated and 
acutely ill. He presented a mass measuring about 6 cm. in the right 
inguinal region which was soft but irreducible. In the left inguinal 
region there was a small mass perhaps 4 cm. in diameter. The patient 
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reported that hie had had these all his life. In addition to the findings 
depicted on the graph the nonprotein nitrogen was 92.5 and the carbon 
dioxide content of the plasma was 93.2 volumes per cent. Before the 
operation his nonprotein nitrogen level had fallen to 33 and the carbon 
dioxide content to 52.2 volumes per cent. In spite of potassium chloride 
therapy, difficulty was experienced in obtaining a normal serum potas- 
sium level for ten days. On the tenth postoperative day he received 
8 Gm. of potassium chloride, part of which was given by vein and part 
by mouth. He ultimately went on to complete convalescence, and 40 
days after his first operation the hernia on the contralateral side was 
repaired. 

Chart 5 B represents a 79 year old woman with a recurrent carcinoma 
of the cervix which had been originally treated with radium and roent- 
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Fig. 5.—A, chart of a patient aged 81 in whom herniorrhaphy plus resection 
of the small bowel was performed for incarcerated femoral hernia with obstruction 
of the small bowel. B, chart of a patient aged 79 with recurrent carcinoma of the 
cervix and vesicovaginal fistula for which the following operations were performed: 
(1) ureterosigmoidostomy and salpingo-oophorectomy on the right side; (2) 
ureterosigmoidostomy on the left side; (3) total hysterectomy, cystectomy and 
salpingo-oophorectomy on the left side. 


gen rays some nineteen months prior to her admission to the hospital. 
The original lesion was in the third stage but responded well to the 
radiation therapy. A few months before this admission, symptoms 
recurred, and one month prior to admission a vesicovaginal fistula had 
developed. Biopsy disclosed recurrence of the growth. The patient 
was admitted to the hospital for surgical treatment after having been 
duly advised of the risks of the contemplated surgical procedure for a 
woman of her age. It was elected to do staged surgical procedures. 
In the lower part of the graph, urine potassium and urine volume on 
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the preoperative day represent the output of both kidneys. The levels 
on the operative day and the subsequent six days represent the output 
of only one kidney inasmuch as the right ureter was anastomosed to 
the sigmoid. This patient did not require a nasogastric tube at any 
time during her stay in the hospital. After the third operation her appe- 
tite was poor. She complained of weakness and was unwilling to exert 
herself. In spite of low potassium levels, therapy was withheld until 
the thirty-ninth day, when potassium was given by mouth. There was 
considerable clinical improvement after this specific therapy was started 
as a supplement to. her diet. She left the hospital three weeks after the 
final surgical procedure. 

Chart 6 A represents a woman 71 years of age admitted to the hos- 
pital with carcinoma of the sigmoid producing partial obstruction. 
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Fig. 6.—A, chart of a patient aged 71 who underwent resection of the sigmoid, 
primary anastomosis and salpingo-oophorectomy for carcinoma of the sigmoid and 
adherent left tube. 2B, chart of a patient aged 51 in whom partial gastrectomy and 
cholecystectomy were performed for duodenal ulcer with pyloric obstruction. Suture 
for perforated ulcer was done twenty-four days prior to operation. 


sc i a te a ARIE 


While her serum potassium level on the three days prior to surgical 


intervention was within normal limits, the immediate postoperative 
specimen showed only 2.16 milliequivalents per liter. The lowest level 


occurred, however, on the seventh postoperative day, with a reading of 


1.77 milliequivalents of potassium per liter. Intravenous potassium 
therapy was started on this day, and specific therapy was kept up for 
the remainder of the patient’s stay in the hospital. It should be noted 
that with the institution pf potassium therapy the excretion rate of potas- 
sium in the urine fell to a low level. Potassium therapy at an earlier date 
would have made the convalescence much smoother. 

Chart 6B represents findings in a white man aged 51 originally 
admitted with a perforated duodenal ulcer. The operation depicted, 
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however, was performed twenty-four days after the suture of his per- 
forated ulcer, because of increasing partial pyloric obstruction. His 
serum potassium levels were low in the immediate postoperative period 
and on the third postoperative day. Chart 7 represents a 51 year old 
woman with multiple gastric ulcers, one of which perforated into the 
body of the pancreas. A malignant growth was suspected, and a radical 
surgical procedure was performed. The entire body and tail of the pan- 
creas was removed as well as the entire stomach, spleen and the first 
part of the duodenum. The 1 Gm. of potassium chloride given intra- 
venously was unnecessary and not indicated. A nasoesophageal tube 
was kept in place for a number of days, but there was no measurable 
return. 
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Fig. 7—Chart of a patient with multiple gastric ulcers and perforation into 
the pancreas who underwent total gastrectomy, partial duodenectomy, partial pan- 
createctomy and splenectomy. 


COMMENT 
F. D. Moore,'’ using radioactive potassium with tracer technics, has 
obtained excellent data on the normal potassium distribution in body 
water. Potassium in plasma represents only 0.5 per cent of the total 
exchangeable potassium in the body. Interstitial fluid accounts for 1.5 
per cent. Eight per cent is found within the red blood cells and 60 per 


17. Moore, F. D.: The Use of Isotopes in Surgical Research, Surg., Gynec. & 
Obst. 86:129, 1948. Moore, F. D.: The Determination of Total Body Water and 
Solids with Isotopes, Science 104:157, 1946. Moore, F. D.: Adaptation of Sup- 
portive Treatment to Needs of the Surgical Patient, J. A. M. A. 141:646 (Nov. 5) 
1949; What We Have Learned from Isotopes Concerning Depletion and Repair 


in Surgical Patients, Address before the American College of Surgeons, Oct. 20, 
1949 
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cent in muscle. It has also been shown that there are tremendous varia- 
tions in total body exchangeable potassium, normal males showing an 
average of 47.5 milliequivalents per kilogram of body weight, hospitalized 
males 43.3 milliequivalents and hospitalized depleted patients only 
34.4 milliequivalents. Many patients showing low total body potassium 
levels have normal serum potassium levels. In spite of all this, studies 
on surgical patients have clearly demonstrated the necessity for a knowl- 
edge of serum potassium levels in the management of complicated surgi- 
cal cases. 


SUMMARY 


Data from a study of serum potassium levels and urinary excretion 
rates of water and potassium in 100 surgical cases are presented. Thirty- 


eight of these cases were unselected consecutive major surgical cases in 
one hospital. In these 38 cases and in 5 minor surgical cases complete 
analyses of blood and urine were made at frequent intervals in the pre- 
operative, operative and immediate postoperative periods as well as at 
intervals of one to three days thereafter. In the 38 consecutive major 
cases, serum potassium levels less than 3.8 milliequivalents per liter 
were found in 26 cases. Potassium therapy was deemed essential in 7 
of these. Clinical data as well as the degree of hypokaliemia would indi- 
cate that potassium therapy could have been used to advantage in 11 
others. Of 30 patients undergoing operations on the biliary tract in 
whom less frequent analyses were made, low serum potassium levels 
were found in 9. Fluctuations in serum potassium levels occurred over 
a wide range and in more or less unpredictable fashion. Average excre- 
tion rates for potassium and water are reported. Graphs of serum 
potassium levels and of excretion rates for potassium and water are 
used to illustrate problems related to potassium therapy. 


DISCUSSION 


Dr. CLARENCE J. Berne, Los Angeles: At the Los Angeles County Hospital 
the increasing use of serum potassium determinations is indicated by the following 
figures: During the month from Sept. 15 to Oct. 15, 1948, two hundred and fifty- 
nine determinations were made. Twenty-eight per cent of these revealed levels below 
14 mg. per hundred cubic centimeters. In the month of January 1949 the number of 
determinations had risen to three hundred and ninety, and ninety-two (24 per cent) 
of these showed levels under 14 mg. per hundred cubic centimeters. Over half of 
these were on patients from the surgical service. The monthly determinations have 
now risen to over five hundred. 

In our experience so far, hypopotassemia has been an important factor in three 
groups of surgical patients. First, there is a small group with intraperitoneal 
abscess and secondary diarrhea. Our first case in this group was an instance of 
pericecal abscess in a child, who died of respiratory paralysis due to hypopotassemia. 
The second group have been patients who, after major surgical procedures, had 
complications which seriously impaired oral feedings for a week or more. These 
have shown hypochloremic alkalosis with hypopotassemia. The third, and major 
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group, are those with pyloric obstruction, malfunctioning gastrojejunostomy opening 


or small intestinal obstruction or peritonitis, a common denominator being naso- 
gastric suction. Fatal levels of potassium depletion may be rapidly reached in the 
last group. Also, important reductions of calcium and magnesium have been noted. 

In the administration of repair fluids, we have adjusted their potassium content 
with potassium chloride, 1.0 Gm. in 4 cc. of distilled water. The desired amount 
of potassium can thereby be added to 1 liter of any of the stock solutions intra- 
venously given such as 5 per cent dextrose in isotonic sodium chloride. Three 
grams of potassium chloride has frequently been used in 1 liter of such fluid and, 
on occasion, larger amounts, with the total twenty-four hour dose reaching 20 Gm. 
of potassium chloride in cases of serious depletion. Such solutions have been 
tolerated when given by hypodermoclysis. This method, carefully controlled, has 
provided a means of adjusting therapy to the depleted patients’ needs much more 
precisely than the use of stock solutions containing 0.1 or 0.2 per cent potassium 
chloride. The more dilute solutions are valuable for routine use in the prevention 
of potassium depletion. 

I apologize for using milligrams per hundred cubic centimeters instead of 
milliequivalents as the essayist did, but Southern California is only in the process 
of being converted to that. 

In discussing the excellent presentation of Dr. Snyder, it is a pleasure to attempt 
to contribute to the emphasis on the importance of potassium disturbances in 
surgical patients. 








ACUTE PYOGENIC THYROIDITIS 


W. A. ALTEMEIER, M.D. 
CINCINNATI 


_— or subacute pyogenic thyroiditis is a rare disease which is 
characterized by a sudden onset, fever, chills, leukocytosis and 
variable symptoms and signs of inflammation in the thyroid gland and the 
lower cervical region. It is far less common than other clinical types of 
thyroiditis such as subacute pseudotuberculous thyroiditis, Hashimoto’s 
thyroiditis and Riedel’s struma, which occur in less than 1 per cent of all 
patients with thyroid disease." Young?’ reported 26 cases of various 
types of inflammatory disease of the thyroid in 2,900 patients under- 
going operation on this gland, and only 4 were cases of acute suppurative 
thyroiditis. Other isolated case reports of acute thyroiditis with abscess 
formation have been made by Henderson,* Cochrane and Nowak,‘ 
Stock,® Derbyshire and Gray,® and Crile.’ 

The infection is usually caused by the staphylococcus, streptococcus 
or pneumococcus, but there is some question of whether these are carried 
to the gland by the circulating blood or whether the gland is involved 
secondarily by the flow of lymph through the neck from lesions in the 
upper respiratory tract.° 

The inflammatory process may be localized or diffuse, and it may 


subside spontaneously or proceed to suppuration and abscess formation. 


Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa- 
tion, Santa Barbara, Calif., Nov. 29, 1949. 

From the Department of Surgery, College of Medicine of the University of 
Cincinnati, and the Cincinnati General Hospital. 

1. Means, J. H.: The Thyroid and Its Diseases, ed. 2, Philadelphia, J. B. 
Lippincott Company, 1948. 

2. Young, T. O.: Inflammatory Disease of Thyroid Gland, Minnesota Med. 
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If suppuration occurs, the infection may spread in any direction. Usually 
the pus dissects anteriorly through the ribbon muscles to the skin, but 
in some instances it has burrowed into the mediastinum or ruptured into 
the trachea or esophagus. 

The opportunity to observe 3 cases during the past five mont!is, the 
rarity of this disease, the problems in diagnosis and treatment presented 
and the influence of modern chemotherapy on its management have 
instigated a review of the problem and a study of 10 available cases. 

During the past fourteen years, 10 patients with acute pyogenic 
thyroiditis have been treated, 8 at the Cincinnati General Hospital, 1 at 
the Veterans Hospital in Dayton, Ohio, and 1 in private practice. The 
youngest patient in the series was 7 years of age and the oldest 59, the 
average age being 39.5 years. Seven of the 10 patients were females and 
7 were Negroes. 


TasLe 1.—Data on 10 Cases of Acute Pyogenic Thyroiditis 


Preexisting Disease 
of Thyroid 


= @ 
a 


None 

None 

Adenoma 5 years 

Adenoma 2 years 

Adenoma 10 years 

None 

None 

Adenoma (calcified) 28 years 
None 

Adenoma (left) 


P 
P 
FP 
PF 
M 
M 
P 
M 
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A history of preexisting disease of the thyroid gland was obtained 
in 5 of the 10 cases, consisting of one or more adenomas which had 
existed for a period of two to twenty-eight years before the onset of 
thyroiditis. In one instance calcification was present within the adenoma 
and the abscess cavity. When developing in a normal gland, there 
appeared to be a definite tendency for the infection to become diffuse, 
whereas it usually was localized in glands with nodular goiter. 

The duration of symptoms before hospitalization varied between one 
and eight weeks, the average being four weeks and five days. Unilateral 
involvement of the thyroid gland occurred in 6 cases, the remaining 3 
showing bilateral involvement. 

Abscess formation developed in 6 of the cases, none being found in 
the remaining 4. The development of abscesses was more frequent in 
the infections occurring in a preexisting nodular goiter. The infecting 
bacteria were the hemolytic Staphylococcus aureus in 6 instances, the 
nonhemolytic staphylococcus in 2, the hemolytic streptococcus in 1 and an 
unknown organism in 1. 

The highest temperature observed during the hospital, stay was 
104.1 F., the lowest being 100.6 F. and the average 101.6 F. The pulse 
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rate was elevated in each instance, the highest being 154, the lowest 100 
and the average 120. There was likewise considerable variation in the 
white blood cell count, the highest being 21,600 and the lowest 8,400. 
The average white blocd cell count was 11,300. 


TaBLe 2.—Incidence of Abscess Formation in 10 Cases 


Duration of Involvement Abscess 
Symptoms, Wk. of Gland Formation 


Unilateral (left) No 
Bilateral Yes 
Unilateral (left) No 
Bilateral Yes 
Unilateral (left) Yes 
Unilateral (left) No 
Unilateral (right) No 
Bilateral 

Unilateral (left) 

Unilateral (left) 


TasLe 3.—Temperature, Pulse Rate and Cell Count in 10 Cases 


Highest 
Highest Highest White Blood 
Temperature, F. Pulse Rate Cell Count 

102.8 § 11,060 
101.2 2 

101.4 

103.6 

100.6 

99.6 

104.1 

102.8 

100.6 

101.6 2 10,800 


TaBLe 4.—Significant Symptoms 


Duration of 
Fever After Basal 
Admission, Metabolic 
Dysphagia Days Rate 
Slight 
Marked 
Marked 
Marked 
Marked 
Marked 
Marked 
Marked 
Marked 
Marked 


DOAN te com pots D> 


+8 


Dysphagia, frequently referred to the ears, mandible or occipital 
region, was one of the most important and significant symptoms, occur- 
ring rather suddenly and to a marked degree in 9 of the cases and to a 


slight degree in the tenth. The duration of fever after admission to 


the hospital varied between two and sixteen days, the average being 5.3 
days. The basal metabolic rate was recorded in 6 of the 9 cases, the 
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results varying between — 10 and + 22. The positive results were 
+8 in 2 cases, + 12 in 1 and + 22 in 2 cases, all being recorded after 
the temperature had returned to normal. 


DIAGNOSIS 

The diagnosis of acute pyogenic thyroiditis was usually difficult. It 
depended on demonstrating the association of the usual local and general 
signs of inflammation with infection of the thyroid gland. This usually 
could be accomplished by showing that the act of swallowing was painful 
and produced movement of the inflammatory mass. Extension of the 
neck generally increased the discomfort, while flexion of the head on the 
chest gave relief, particularly during the act of swallowing. The diag- 
nosis of fluctuation and abscess formation was difficult because of the 
associated induration but was facilitated by aspiration with needle and 
syringe. 


TasLe 5.—Treatment and Results 


Hospital- 
ization, 
Surgical Procedure Chemotherapy Days Result 
None Sulfadiazine 27 Spontaneous recovery 
Incision and drainage Sulfadiazine Wound healed in 43 days 
None None 5 Spontaneous recovery 
Incision and drainage None i Wound healed in 41 days 
None None 3 Spontaneous recovery 
None Penicillin : Spontaneous recovery 
None Sulfadiazine Spontaneous recovery 
Lobectomy with drainage, left side Penicillin Incision healed in 14 days 
Chloromycetin 

Lobectomy with drainage, left side Penicillin 27 Incision healed in 10 days 
Lobectomy with drainage, left side Penicillin Incision healed in 7 days 


1 
2 
3 
4 
5 
6 


@ 


Lateral roentgen examination of the lower cervical region for soft 
tissue was of considerable value in localizing the area of inflammation 
to the thyroid gland. 

TREATMENT 


In 5 instances surgical operation was not performed and the process 
responded spontaneously to conservative treatment, the necessary period 
of hospitalization being twenty-seven, six, seven, twelve and sixteen 
days respectively. Two of the earlier patients with abscess formation 
were treated by incision and drainage through a collar incision under 
local anesthesia. The healing of the wounds in both of these instances 
was slow, occurring in forty-one and forty-three days. One of these 
patients was treated with sulfadiazine and strong iodine solution (Lugol’s 
solution) ; the other received no chemotherapy. In the patients with 
signs of hyperthyroidism, preoperative preparation with strong iodine 
solution was carried out. 

The last 3 patients with acute thyroiditis with suppuration and 
abscess formation, which were seen in the past five months, have been 
treated by incision and drainage of the perithyroid abscess and subtotal 
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lobectomy with excision of the infected adenoma. In addition, 2 of the 
patients received penicillin and 1 chloromycetin in full dosage pre- 
operatively and postoperatively. Silk was the suture material used in 2, 
while surgical gut was employed in the case at the Veterans Hospital in 
Dayton. 

The results of treatment with modern chemotherapy and excision of 
the infected adenoma in these 3 cases were far superior to those obtained 
with incision and drainage alone. The wounds, including the drainage 
tract, healed in fourteen, ten and seven days respectively, and the total 
period of hospitalization after surgical treatment was fourteen, ten and 
seven days. No evidence of recurrence of the infection has been observed 
to date in the short postoperative periods. 


REPORT OF A CASE 

The following report illustrates the characteristics of the disease, 
the difficulties in differential diagnosis and the method of treatment 
employed. 

M. M., a 46 year old Negro woman, was admitted to the Cincinnati General 
Hospital on June 14, 1949, with a history of having a previous nodular goiter 
since the age of 18, which for years remained unchanged. About two months 
before her admission she awoke one morning with chills and vomiting. The 
vomiting persisted for three days. A week later she noticed pain in her neck, 
difficulty in swallowing and rapid enlargement of her goiter on the left side. The 
area became painful and tender, and swallowing increased the pain. She had 
fever when seen by her physician a week before admission. Total weight loss 
appeared to be 35 pounds (16 Kg.). The patient had had a speech impediment all 
her life, but no change in the voice occurred during the present illness. 

The past history was essentially noncontributory except for the aforementioned 
goiter. 

Physical examination revealed the temperature to be 102.6 F., pulse rate 108, 
respirations 20 and blood pressure 130 systolic and 84 diastolic. The patient 
winced when the thyroid was touched. The overlying skin showed no significant 
changes. The thyroid gland was markedly enlarged, particularly on the left and 
over the midline, where the gland was warm, hard and tender. A few posteriorly 
located adjacent lymph nodules were palpably en!arged. No thrill or bruit was 
found. The mass moved slightly with swallowing, which was painful. Extension 
of the neck increased the pain. The chest and heart were not remarkable, except 
for slight cardiac enlargement. A nodular mass was present in the lower region 
of the abdomen attached to the uterus. 

Laboratory Data—The urinalysis showed albuminuria (1 plus). The white 
blood cell count was 10,000, with 85 per cent polymorphonuclear leukocytes and 
15 per cent lymphocytes. The hemoglobin determination was 6.0 Gm. The blood 
urea nitrogen was 10 mg. per hundred cubic centimeters and the blood cholesterol 
was 156 mg. The Kahn reaction was negative. The basal metabolic rate was 
+ 22, and the electrocardiogram showed sinus tachycardia. 


Lateral roentgen examination of the cervical area showed the presence of a 


large soft tissue mass lying anteriorly to the lower portion of the cervical region, 
displacing the trachea slightly backward and compressing it. An irregular 
calcification lying just anterior to the trachea was visible (fig. 1). 








Fig. 1—Lateral roentgenogram of the neck taken on June 16, 1949, in the case 
reported. A large soft tissue mass is shown in the lower anterior cervical region 
which compresses and displaces the trachea posteriorly. The irregular calcifica- 
tion, which was later found to be in a fetal adenoma, is clearly visible just anterior 
to the trachea. 
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Fig. 2—The clinical course in the patient reported on after her admission to 
the hospital, the treatment factors, and therapeutic response are shown graphically. 
Chloromycetin was used postoperatively instead of penicillin when the infecting 
hemolytic Staphylococcus aureus was found to be resistant to the latter. 
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The preoperative diagnoses made by those who examined the patient were 
carcinoma of the thyroid, Riedel’s struma and acute thyroiditis. 

Course in the Hospital—The patient was placed on penicillin and strong iodine 
solution therapy and was given 4 units of blood. She responded well, with disap- 


pearance of most of the tenderness, local heat and fever within a few days 
(fig. 2). 





Fig. 3—A, photograph of surgical specimen of left lateral lobe of thyroid in 
the case reported. The dense inflammatory reaction with fibrosis on the surface of 
the gland and the purulent material within the contained cyst are visible. B, the 
adenoma has been opened to show the cyst and calcified calculi within it. 


Because of persistence of the mass and the questionable diagnosis of carcinoma, 
a lobectomy on the left side and drainage of the abscess were performed on July 
12. The postoperative diagnosis was infected adenoma with calcification and 
abscess of the left lobe of the thyroid gland (fig. 3). 
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Pathologic Report.—The entire specimen submitted consisted of a thyroid lobe 
which measured 8 by 6 by 4 cm. and had a gray-pink capsular surface. The gland 
revealed a large cystic cavity containing purulent fluid and several large, hard, 
yellowish calculi. The wall of the cyst measured 1 cm. in thickness and was 
lined by soft yellow necrotic-appearing tissue. On cross section the outer portion 
of the cyst wall was composed of homogeneous firm gray tissue while the inner 
half was composed of rather soft yellow tissue. 

The sections of the gland revealed a variable pattern. There were collections 
of small, densely packed acini which contained no colloid and were crowded 
together, giving an almost homogeneous appearance of cellular proliferation. There 
was a marked amount of fibrosis and cellular infiltration with polymorphonu- 
clear leukocytes and lymphocytes. 

The diagnosis was infected fetal adenoma with cystic degeneration and 
calculi. 

Cultures of the pus showed the presence of the hemolytic Staph. aureus, which 
was susceptible to chloromycetin but resistant to penicillin and to aureomycin. 

Subsequent Course—The patient was placed on chloromycetin therapy, 250 mg. 
being given every four hours from July 13 to July 22. A total of 13.75 Gm. was 
given. No postoperative complications occurred. The patient was discharged 
from the hospital on July 29, 1949, with her wound completely healed. When 
seen in the surgical follow-up clinic on August 28, the wound was slightly indurated 
at the left edge, but the patient felt well and had no complaints. Her pulse rate 
was &0. 

COM MENT 

An analysis of this study emphasizes the difficulties in diagnosis and 
treatment presented by patients with acute pyogenic thyroiditis. The 
incidence of this infection when compared with other lesions of the 
thyroid is rare, and hence the possibility of its presence in a patient under 
treatment is often not considered. 

The clinical characteristics of this disease were such that the lesion 
was usua!i, mistaken for malignant disease of the neck, particularly 
carcinoma of the thyroid or lymphosarcoma, Riedel’s struma, Hashi- 


moto’s disease (chronic thyroiditis, lymphomatous) or hemorrhage 
in a preexistng adenoma. 


It is possible, however, to make the diagnosis and the following points 
should be of value in the differential diagnosis: (1) the abrupt onset 
associated with fever, leukocytosis, chills and pain on swallowing or 
extending the neck; (2) the greater incidence in females, Negroes and 
adults, with an average age of 39.5 years; (3) the referral of pain to the 
ears, jaws or occipital region; (4) the tendency for the infection to 
develop in preexisting lesions of the thyroid gland, particularly adenomas, 
and (6) localization of the area of inflammation to the thyroid gland by 
lateral roentgen examination. 

The early appearance and progression of pain, swelling of the lower 
part of the neck, dysphagia and tachycardia were almost uniformly 
present. 
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The duration of the illness before the patient’s admission to the 
hospital was of considerable interest. In 7 of the 10 cases the symptoms 
had been present for three to eight weeks. This undoubtedly permitted 
the development of sufficient inflammatory reaction with induration and 
fixation to account for the confusion of the lesions with carcinoma, 
lymphosarcoma and the various strumas of the thyroid gland. 

Mild hyperthyroidism existed in 3 of the 10 patients, prolonging the 
period of hospitalization and requiring additional preoperative prepa- 
ration. 

The prevalence of the gram-positive pyogenic cocci such as the hemo- 
lytic Staph. aureus, the ncnhemolytic staphylococcus, the hemo- 
lytic streptococcus and the pneumococci as etiologic agents in acute 
thyroiditis suggested that the modern chemotherapeutic agents would be 
of distinct therapeutic value in this disease. The limited clinical experi- 
ence of my colleagues and me has substantiated this inference. When 
chemotherapy is used, however, the infecting micro-organism should be 
identified as early as possible by aspiration, with smear and culture of 
the aspirated material. In addition, its relative susceptibility to the 
chemotherapeutic agents, particularly penicillin, chloromycetin and aureo- 
mycin, should be determined rapidly. Full dosage with any of these 
agents to which the organism is susceptible should then be employed 
in the treatment of the condition. 

Since the infection in some of these cases may subside spontaneously, 
conservative treatment with selective chemotherapy, local hot applica- 
tions, bed rest and the administration of strong iodine solution in small 
doses is indicated initially. If the presence of an abscess can be deter- 
mined or if the process fails to recede under conservative therapy, 
operative treatment is indicated, consisting of incision and drainage of 
the perithyroid abscess in cases in which the infection has developed in 
normal thyroid tissue and excision of the infected adenoma by partial 
lobectomy if such lesions are present, providing the invasive qualities of 
the infection have been overcome by adequate preoperatve chemotherapy. 

The surgical removal of the first infected adenoma in this series in 
the presence of a perithyroid abscess (case 8) on July 13, 1949, was 
undertaken with considerable misgivings, along with drainage. How- 
ever, the results were so satisfactory even though silk suture material 
had been used that I was encouraged to repeat the procedure in the 
next two similar cases. Equal success followed repetition of the operation 
in cases 9 and 10. 

Such operative treatment unquestionably should be reserved for 
cases in which the suppurative process had become well localized without 
evidence of spreading cellulitis, septicemia or other invasive character- 
istics, the infecting micro-organism was sensitive to one or more chemo- 


therapeutic agents and the infection had developed in a preexisting 
adenoma of the thyroid gland. 
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DISCUSSION 

Dr. Arnotp S. Jackson, Madison, Wis.: This is an interesting paper. I 
do not recall in the twenty-seven year history of the American Association for 
the Study of Goiter that we have had a paper on this particular subject. It has 
been our impression that thyroiditis has increased in the last ten or fifteen years 
in general, but purulent thyroiditis has decreased as empyema and otitis have 
decreased. I think that in this chemotherapy era we will expect to see less and 
less purulent thyroiditis. 

(Slide) This shows a child, 5 years of age, in whom a severe purulent thyroidi- 
tis developed after tonsillitis. You can almost see the dyspnea occasioned by the 
pressure on the trachea. In the old days, if we did not relieve this abscess soon 
enough, we might expect perforation of the trachea and lung abscess. 

(Slide) This shows another case in which perforation occurred superficially. 
The thyroiditis followed a purulent mastoiditis and was in turn followed by an 
empyema. 

This case is of a little longer duration—severe purulent thyroiditis and super- 
imposed nontoxic adenoma. At one point, the black spot, you can see that per- 
foration has occurred. We used to operate on these patients and think of the 
lesion almost as a rat's nest, because the abscess would burrow into every part 
of the gland. 

(Slide) This shows the patient recovered after some weeks of discharge. 
Interestingly enough, as a sequel of purulent otitis media, empyema of the lung 
developed later on which also was resistant, undoubtedly all part of the same 
bacterial infection. 

Dr. ArtHuUR BuTLer McGraw, Detroit: One other differential diagnostic 
point might be added to Dr. Altemeier’s interesting paper. This was illustrated 
in a patient who came under our care shortly before I left for this meeting. The 
patient was an elderly Irish woman with a history of having undergone thyroidec- 
tomy in 1918. She had had no further symptoms or trouble until June of this 
year, when she began having a little soreness in her neck and also some symptoms 
of nervousness. She went to a physician, was given some iodine and apparently 
took the iodine on and off during the summer at her own discretion and without 
further medical consultation. She was reticent about giving the full details of 
her history, but she also mentioned a loss of 32 pounds (14.5 Kg.) in weight, and 
she looked pale and was moderately anemic. 

The thyroid isthmus evidently had been removed at the original operation. 
Each lateral lobe was considerably enlarged, and on the right the enlargement was 
associated with an almost stony induration. The patient was admitted to the 
hospital with the diagnosis of carcinoma of the thyroid. She was found to be 
having late afternoon or early evening fever, with a temperature of 101 to 103 F., 
sometimes associated with chills. When this was mentioned to her, she said she 
had been having chills and fever off and on for the past six weeks. 

From the time of her admission to the hospital, she was not given any iodine 
but was given small trial doses of propylthiouracil. Within three days she ceased 
to have fever and chills. Her metabolic rate, which had been + 20, came down 
to + 3. We were puzzled, but, fearing carcinoma we felt we ought to explore 
the gland. On exploration, I removed the entire right lobe and was of the 
opinion, clinically, that carcinoma was present. That was not borne out by the 
pathology report. I removed the left lobe more conservatively, and the diagnosis 
was early fibrosing thyroiditis. 


We believe that the cause of this patient’s puzzling symptoms was simply 


acute iodism, which can and does occur occasionally trom uncontrolled adminis- 
tration of iodine, either by the physician or by patients on their own initiative. 





INFLUENCE OF VAGOTOMY ON PEPTIC ULCER, 
GASTRIC ACIDITY AND MOTILITY 
A Follow-Up Study on Sixty-Eight Patients and Evaluation of the Operation 


WALTMAN WALTERS, M.D. 
AND 
MARTIN M. FAHEY, M.D. 
Fellow in Surgery, Mayo Foundation 
ROCHESTER, MINN. 


N DEC. 6, 1946, one of us (Walters) presented before this society 

a paper on the anatomic distribution of the vagus nerves at the 
lower end of the esophagus, with a brief report on 66 patients who had 
undergone vagotomy at the Mayo Clinic. Thirty-three of the operations 
had been performed by one of us (Walters) and 33 by other surgeons. 
In that paper’ the following statements were made: 


because of the experimental evidence [Hartzel and Vanzant] that the 
changes in gastric acidity and motility after vagotomy may be only temporary, 
and because long experience with peptic ulcer makes us reserve our judgment 
concerning any operation until a large series of patients have been watched for 
many years, gastric neurectomy [vagotomy] is being performed at the Mayo Clinic 
in selected cases of peptic ulcer only. We think that the final report of this 
operation is not due for several years and that all reports now, and for some years 
to come, should be considered interim reports. 

In the meantime, the procedure can be used in certain types of cases: 1. 
In cases of recurring ulcer after adequate gastric resection. ... 2. Possibly in certain 
cases of gastric ulcer in which excision of the ulcerating lesion and microscopic 
examination are necessary to exclude the possibility that the ulcer is malignant. 

Yet in 1 of our cases troublesome symptoms referable to gastro-intestinal 
motility with gastric retention and pyloric obstruction followed this procedure. . . . 2 
3. In certain cases of duodenal ulcer with hyperchlorhydria, gastric neurectomy 
[vagotomy] with simultaneous gastroenterostomy to relieve the duodenal obstruc- 
tion may be advisable. It will be interesting to see whether the incidence of 


From the Division of Surgery, Mayo Clinic. 


Read at the Fifty-Seventh Annual Meeting of the Western Surgical Asso- 
ciation, Santa Barbara, Calif., Nov. 30, 1949. 

1. Walters, W.; Neibling, H. A.; Bradley, W. F.; Small, J. T., and Wilson, 
J. W.: Anatomic Distribution of the Vagus Nerves at Lower End of the Esoph- 
agus; Relation to Gastric Neurectomy for Ulcer, Arch. Surg. 55:400-415 
(Oct.) 1947. 


2. A large, recurring, perforating gastric ulcer which developed eighteen 


months after vagotomy necessitated gastric resection. The recurring ulcer was 
benign, and the results of repeated insulin tests were negative. 
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recurring ulcer will be less than it is in cases in which gastroenterostomy alone 
is performed. 4. In cases of chronic nonobstructive duodenal ulcer, in which the 
cephalic phase of hyperacidity seems to overshadow other factors and repeated 
courses of medical treatment have not given any relief, we believe that gastric 
neurectomy may be justified. 


In a report made before another surgical society in March 1947, it 
was stated °: 

Our studies on section of the vagus nerves indicate that the results are 
inconstant, variable and in most cases unpredictable. The relief of pain obtained 
is probably brought about by release of gastrospasm and reduction of gastric 
acidity as a result of the interruption of cephalic stimulation and as a result of 
other factors not now understood. The expense of this is dilatation of the stomach 
with frequent troublesome retention of gastric secretion and, in some cases, food 
remnants. Moreover, that relief of pain is not the result of healing of the ulcer 
must be considered, since in one of our cases an unsuspected acute perforation of 
duodenal ulcer developed. A similar case has been reported by Weeks and his 
associates. 

Reduction in gastric acidity, although it has occurred in most cases, is incon- 
stant in others and disturbance of motility of the stomach and small intestine are 
of frequent occurrence after operation. In some cases such disturbances are 
temporary and in others they are prolonged, persistent and troublesome to the 
patient. In such cases, patients have complained of frequent belching of foul- 
smelling gas, a sensation of fullness and bloating after meals and, in a few cases, 
nausea and diarrhea. 

In at least one clear-cut case the ulcer has been known to have recurred, 
and in the others the ulcers have failed to heal and reoperation has been necessary 
to remove the ulcers or to provide drainage of the stomach because of the trouble- 
some gastric retention. 

There have been three deaths in the hospital in the 83 cases. Although two 
of these could be attributed directly to cardiovascular accidents, one patient died 
of an unsuspected perforated duodenal ulcer with a subdiaphragmatic abscess. 
Gastro-enterostomy had been done in association with gastric neurectomy. Another 
patient died from coronary occlusion at home four months after closure of a 
gastrojejunocolic fistula. 

In evaluation of the results of the operation, it must be proved that an ulcer 
is present and that the vagus nerves have been completely sectioned. It is our 
opinion that the best approach in most cases is by means of a transabdominal 
incision, for such an approach allows both examination of the ulcer and explora- 
tion of the gastro-intestinal tract and performance of such procedures as might 
seem necessary to supplement the gastric neurectomy. 


Since 1947 the studies that we have made in an increasing number 


of cases have confirmed these opinions and established them as facts. 


3. Walters, W.; Neibling, H. A.; Bradley, W. F.; Small, J. T., and Wilson, 
J. W.: A Study of the Results, Both Favorable and Unfavorable, of Section of 
the Vagus Nerves in the Treatment of Peptic Ulcer, Ann. Surg. 126:679-686 
(Nov.) 1947. 
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Two of our recent studies * have been concerned with 177 cases, in 77 of 
which one of us (Walters) performed the operation and in 100, 
other surgeons at the clinic. A follow-up study of these cases was made 
by Brownson with the co-operation of the Division of Biometry and 
Medical Statistics. In the latest report’ we briefly presented the 
immediate result in 28 cases in which operation was performed during 
the time that one of us (Fahey) was first assistant on the surgical 
service of the other one (Walters). In that study the patients were 
followed from the time the diagnosis of ulcer was made at the clinic 
through the operation and the immediate postoperative period. A 
Hollander insulin test was performed in each of these 28 cases, and in 
many cases a postoperative roentgenogram of the stomach was made. 
In addition, we studied the late results in 68 cases in which one of us 
(Walters) had performed the operation in the preceding twenty-four 
months. In this later group of 68 patients it was our good fortune to be 
able to secure the return at our request of an unselected group of 42 of 
them for study and evaluation. The results were determined by letters 
in the remainder of the cases, for the most part from the patients 
themselves but in some cases from their examining physicians who 
cooperated in the study. 


RESULTS OF STUDY IN SIXTY-EIGHT CASES 

Observations on 42 Patients Reexamined.—In this paper we will 
refer first to the studies on the 42 patients who returned to the clinic for 
reexamination. Although 80.9 per cent had lost gastric tone and motility 
two and a half weeks after operation, ten months after operation 70.3 
per cent had regained normal gastric tone, and eighteen months after 
operation 79.4 per cent had regained normal gastric tone. In the 
immediate postoperative period free hydrochloric acid was reduced in 
69.1 per cent; a relative achlorhydria was produced in 38 per cent (17) ; 
there was no reduction of free hydrochloric acid in 19 per cent (8) and 
the amount of reduction, if any, was unknown in 11.9 per cent (5). An 
average of eighteen months after operation free hydrochloric acid was 
reduced in 78.6 per cent, and a relative achlorhydria was produced in 
only 26.2 per cent. There was no reduction of free hydrochloric acid in 
9.5 per cent of the cases, and the amount of reduction, if any, was 
unknown in 11.9 per cent. The total gastric acidity of 35.7 per cent of 


the patients who returned for reexamination had returned to preoperative 


4. Walters, W.; Brownson, B. C., and Phillips, S. K.: Present Status of 
the Treatment of Peptic Ulcer, J. Michigan M. Soc, 48:202-209 (Feb.) 1949; 
The Problem of Vagotomy in the Treatment of Peptic Ulcer, Kentucky M. J. 
47:254-265 (July) 1949. 

5. Walters, W., and Fahey, M. M.: Vagotomy: Immediate Results in 28 
Cases and Later Results in 68 Cases, Proc. Staff Meet., Mayo Clin. 24:501-506 
(Sept. 28) 1949. 
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levels an average of eighteen months after operation; about half of these 
patients (7) gave positive reactions to insulin tests. 

The insulin test gave negative results in 85.7 per cent of the 42 cases 
immediately after vagotomy. Eighteen months later it gave negative 
results in 78.6 per cent. 

The results of the operation at the time of reexamination were con- 


sidered to be excellent in 71.4 per cent of the cases, unsatisfactory in 7.1 


per cent and poor in 21.5 per cent. We considered the result of 
operation as being unsatisfactory if the symptoms of ulcer returned and 
poor if an ulcer was found at reoperation or a crater was demonstrable 
on roentgenologic examination. In addition, we included in the unsatis- 
factory group those patients who had persisting abdominal fulness as 
the result of gastric distention associated with belching of foul-smelling 
gas or persisting diarrhea or both. 

Data Concerning 26 Patients Who Replied to Questionnaires.—Of 
the 26 patients who replied to questionnaires, 69.2 per cent had excellent 
results, 23.1 per cent unsatisfactory results and 7.7 per cent poor results. 

Data on Entire Group Selected with View to Evaluating the Place of 
Vagotomy.—Evaluation of the two groups, that is, of the 68 cases in 
which follow-up data are available, revealed that in 70.5 per cent results 
were excellent, in 13.3 per cent unsatisfactory and in 16.2 per cent poor. 
In 6 of the 11 cases in which results were poor, the insulin reaction was 
negative in 4, positive in 1 and in 1 the test was not carried out 

It has seemed to us that the accomplishment of vagotomy is best 
indicated by that group of cases in which vagotomy alone was done 
for duodenal ulcer. There were 16 such cases among the group of 68. 
Excellent results were obtained in only 56.2 per cent of these cases, 
unsatisfactory results in 12.5 per cent and poor results in 31.2 per cent. 

In two other groups of cases the accomplishment of vagotomy is 
relatively well shown. In these cases vagotomy was performed without 
some additional procedure which would tend to reduce the amount of 
gastric secretion, such as a partial gastrectomy, or to neutralize gastric 
acidity by refluxing duodenal, biliary and pancreatic secretion into the 
stomach, such as partial gastrectomy, gastroenterostomy or pyloroplasty. 
In these groups are patients with gastric ulcers and patients who had 
gastrojejunal ulcers which were removed and in whom gastrointestinal 
continuity was restored. 

In 9 cases of chronic recurring gastric ulcer in which a malignant 
lesion could be excluded, and other conditions seemed favorable, vagot- 
omy was performed without a procedure to reduce gastric secretion or 
neutralize acidity. In 3 of the 9 cases the ulcer was excised because of 
its large size and appearance, and in 6 the ulcer was small and was not 
removed. In these 6 cases excellent subjective results were obtained. In 
1 of the patients, however, gastroscopic, roentgenoscopic and roentgeno- 
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graphic examinations showed that the same degree of gastritis was 
present one year after vagotomy as had existed before it in spite of a 
negative result from the insulin test. The patient, however, was com- 
pletely relieved of his ulcer symptoms, and he had gained 30 pounds 
(13.6 Kg.). In 2 of the 3 cases in which large perforating benign gastric 
ulcers were excised and vagotomy was performed, large recurring ulcers 
developed which necessitated partial gastrectomy. In both cases the 
insulin test gave persistently negative reactions. The third patient has 
had a return of his ulcer distress, and without question the gastric ulcer 
has recurred. This patient likewise has given persistently negative 
reactions to insulin tests. 

In 7 cases of gastrojejunal ulcer developing after gastroenterostomy 
in our series, the gastroenteric anastomosis and the gastrojejunal ulcers 
were removed, continuity of the gastrointestinal tract was restored and 
vagotomy was performed. Two of these patients later had abdominal 
pain and loss of appetite and weight, and craters of duodenal ulcers were 
seen on roentgenologic examination ten and fourteen months later. This 
incidence of recurrence is only slightly lower than it is when the same 
procedures are employed without vagotomy. 

Hollander insulin tests were made in 62 of the 77 cases in which one 
of us (Walters) had performed vagotomy prior to Jan. 1, 1948. Relief 
of pain of ulcer, reduction of gastric acidity, dilatation of the stomach 
and persistence after operation of the disturbance of motility percentages 
were approximately the same in cases in which results of the insulin tests 
were negative (74 per cent) as in those in which they were posittve 
(26 per cent). However, in most of the cases of proved or suspected 
recurrence of ulcer results of insulin tests were negative. It would seem, 
therefore, that the Hollander insulin test does not always indicate the 
completeness of vagotomy, or else that complete vagotomy is not neces- 
sary in every case to accomplish relief of pain and other desirable results. 
The same seems to be true of the undesirable results. 

It is difficult to evaluate the benefits of vagotomy in cases in which 
simultaneous gastroenterostomy and vagotomy were performed. How- 
ever, this combined procedure was used in 12 cases of duodenal ulcer.® 
In 10 (83.3 per cent) results were excellent. The other 2 patients 
had troublesome disturbance of motility after operation, a complication 
which practically never occurs after properly performed gastroenteros- 
tomy without vagotomy. Gastrojejunal ulcer developed in 1 of these 
cases. The patient had disturbances of motility after vagotomy and 


anterior gastroenterostomy which necessitated jejunojejunostomy 


6. Of 67 patients on whom this procedure has been carried out, by our col- 
leagues or one of us (Walters), 88 per cent had excellent results, 11 per cent 
had troublesome disturbances of motility, 1 had gastrojejunal ulcer and there 
was 1 death. 
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twenty-six days after operation. Although he then was well for approxi- 
mately nine months, a large gastrojejunal ulcer developed and perforated 
to the anterior abdominal wall. Partial gastrectomy eleven months after 
vagotomy was followed by an excellent result, and the patient is now 
carrying on important army duties in Europe.’ The insulin test gave 
persistently negative results in this case. 

In 87 per cent of the cases in which vagotomy and associated gastro- 
enterostomy were carried out for duodenal ulcer the gastric acidity 
was reduced, whereas it was reduced in only 79 per cent of the cases in 
which vagotomy alone was done. In both groups 26 per cent of the 
patients had relative achlorhydria. This contrasts unfavorably with an 
incidence of relative achlorhydria of 73 per cent in cases in which 
adequate partial gastrectomy of the posterior Polya type was performed 
for duodenal ulcer. 


Summary of Results 


Results, % 
pa silts annese 
Unsatis- 
Patients Excellent § factory Poor 


Reexamination .. eon secceds ° eee 42 
Questionnaires . — ied onmaan 26 

OEE senseseous uwenee dnGiear 68 
Vagotomy alone for duodenal ‘ulcer 


714 
69.2 
70.5 
56.2 


Vagotomy without operation to reduce gastric secre 
tion for gastric ulcer.. ‘ 11 
(2 cases* ) (2 casest) 
Vagotomy with removal! of ulcer and restoration of 
gastrointestinal continuity ..... ; 71.4 ese 28.6 
(5 cases) (2 cases}) 





* One patient had symptoms of recurring ulcer. The other continued to have gastritis as 
indicated by gastroscopic examination but was subjectively well. 

+t Proved at partial gastrectomy 

$ Reeurring duodenal ulcers with craters. 


Vagotomy as an associated procedure in pyloroplasty with excision 
of the duodenal ulcer has been used in too few cases to enable us to 
attempt to make proper or accurate evaluation of such treatment. Since in 
the last few years operations for duodenal ulcer have been performed at 
the clinic in only complicated cases (approximately 15 per cent of the 
patients with duodenal ulcer registering at the clinic) and since in 
most of these cases the ulcer is very large, excision of the ulcer and 
pyloroplasty are indicated in relatively few cases. However, this combi- 
nation was used in 10 cases. The results were excellent in 8 (80 per 
cent). Insulin tests gave meguitee results in 4 and positive results in 1, 
and in 3 cases the tests were not done. In 2 cases troublesome fulness 
and diarrhea have occurred. The insulin test gave a negative result in 1 
case and was not done in the other. 

The results are briefly summarized in the table. 

In the other case of gastroenterostomy with vagotomy previously reported, 


unsuspected perforation of the duodenal vicer occurred with subdiaphragmatic 
abscess and death. 


iA RSA PLE AE DEE 
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COM MENT 


The data presented in the paper thus far have been drawn mainly 
from the 68 cases in which the operation was performed by one of us 
(Walters) and in which we had adequate follow-up data. From this 
point we shall compare these results with those in other series and from 
other types of procedure in our attempt to determine the place of 
vagotomy in the surgical armamentarium. 

In the 1946 paper on vagotomy which we have referred to and in 
other papers which followed, it was said that the operation of vagotomy 
seemed indicated in cases of recurring ulceration after partial gastrec- 
tomy. In 1949 one of us (Walters*) reported on 30 such cases in 
which the surgeons at the clinic had performed vagotomy. Excellent 
results were obtained in 88 per cent of the cases, with hospital deaths 
in 3.3 per cent. In 2 of the 14 cases of gastrojejunal ulcers after gastro- 
enterostomy in which vagotomy alone has been done at the clinic, the 
results are unknown, but in 10 (83 per cent) of the remaining 12 cases 
excellent results were obtained. Results in the other 2 cases were 
unsatisfactory. 

These results compared favorably during a three year period of 
observation with five and ten year results following partial gastrectomy 
for gastrojejunal ulcers occurring after gastroenterostomy, as reported 
by Priestley and Gibson.* It must be remembered, however, as Priestley 
and Gibson brought out, that the average interval between gastro- . 
enterostomy and the developmeat of gastrojejunal ulcer was three and a 
half years. It is obvious, therefore, that a longer interval must elapse 
than has elapsed in our series of cases in which vagotomy and gastro- 
enterostomy have been performed, as well as in cases in which vagotomy 
has been performed in the treatment of gastrojejunal ulcer after gastro- 
enterostomy, before it can be determined whether or not vagotomy added 
to gastroenterostomy is followed by better results and a lower incidence 
of recurring ulcer ratio than is gastroenterostomy alone. Also, in cases 
in which vagotomy has been done for gastrojejunal ulcer following 
gastroenterostomy time: will tell whether the results will be as good as 
those that have followed removal of the gastrojejunal ulcer and partial 
gastrectomy. In the treatment of duodenal ulcer, it is my opinion that 
partial gastrectomy is the preferable procedure whenever it can be done 
safely either with removal of the duodenal ulcer or without, provided 
that the pyloric end of the stomach is removed. In the group of 544 


patients on whom partial gastrectomy was performed at the Mayo 


8. Priestley, J. T., and Gibson, R. H.: Gastrojejunal Ulcer: Clinical Fea- 
tures and Late Results, Arch. Surg. 56:625-637 (May) 1948. In 169 cases 
posterior Polya resection was employed, with a mortality rate of 2.9 per cent. 
In 87.5 per cent of 103 unselected cases in this group the results from five to ten 
years after operation were satisfactory and in 12.5 per cent unsatisfactory. 
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Clinic in 1948 for benign lesions the mortality rate was 2.2 per cent. 
In the 331 cases in which this operation was performed for duodenal 
ulcer the mortality rate also was 2.2 per.cent. 

Gray and Williams® recently reported a follow-up study in 388 
unselected cases in which the operation for duodenal ulcer had been 
performed by Gray at the clinic between 1937 and 1941; in 202 cases 
partial gastrectomy had been employed. From 77 to 85 per cent of these 
202 patients had excellent results after a lapse of five to ten years, and an 
additional 9 to 15 per cent had good results. The contrast between 
this report and that on vagotomy alone for duodenal ulcer, in which 
excellent results were obtained in 56.2 per cent of 16 cases, is striking. 

In the treatment of gastric ulcer, the ideal operation is partial gas- 
trectomy, for not only does it remove the lesion which might be malignant 
but the results of the operation have proved to be consistently excellent 
in practically all cases over the years and the operative mortality rate 
has been progressively decreasing in the hands of all abdominal surgeons 
Last year in a group of 148 patients with gastric ulcer on whom partial 
gastrectomy was performed at the clinic the mortality rate was 1.4 
per cent. 

In the 36 patients with gastrojejunal ulcer on whom partial gastrec- 
tomy was performed at the clinic in 1948 there was 1 death, a mortality 
rate of 2.8 per cent. Because of the constancy of the postoperative 
results after many years we prefer partial gastrectomy to vagotomy in 
cases of gastrojejunal ulcer after gastroenterostomy. 

It is of interest to know that in 429 patients operated on for duodenal 
ulcer at the Mayo Clinic in 1948, 75.7 per cent underwent partial 
gastrectomy, 0.7 per cent vagotomy, 1.4 per cent partial gastrectomy 
with vagotomy, 9.8 per cent gastroenterostomy and 8.4 per cent gastro- 
enterostomy with vagotomy. Closures of an acute perforation of 
duodenal ulcer were carried out in 3.5 per cent of the cases. During 
1948 there were 68 patients on whom vagotomy was performed at the 
clinic. In 20 of these cases vagotomy alone was performed. In 17 of 
these 20 cases it was done for gastrojejunal ulcer and in 3 for duo- 
denal ulcer. 

CONCLUSIONS 

From our study of vagotomy and as a result of the experience of one 
of us (Walters) in 105 cases in the past three years the following con- 
clusions relative to the effects of the operation seem warranted : 


1. Vagotomy without the performance of an operation to assist in 


the dilution of gastric acidity, such as gastroenterostomy, pyloroplasty or 


9. Gray, H. K., and Williams, R. R., Jr.: Results of Classic Operations for 
Duodenal Ulcer: Five to Ten Year Follow-up in 532 Cases, J. A. M. A. 1412509- 
512 (Oct. 22) 1949 
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partial gastrectomy, does not give impressive results even in cases in 
which results of insulin tests are negative. 

2. When vagotomy alone is performed for duodenal ulcer, the short 
term results as measured by relief of symptoms of ulcer and inability to 
use a normal diet without distress do not compare well with the long and 
short term results of partial gastrectomy. It is probable that the dif- 
ference in results in different surgical centers where vagotomy alone is 
used in the treatment of duodenal ulcer would largely depend on the 
size of the duodenal ulcer and its chronicity and on the degree of obstruc- 
tion which it is producing. For example, if vagotomy were performed 
for small nonobstructive duodenal ulcers, the results would probably be 
much better than if the operation was used for large, more chronic 
recurring lesions. It is only when an additional procedure is done which 
assists in the reduction of secretion and gastric acidity that the short 
term results of vagotomy measure up to the short term results of partial 
gastrectomy. Moreover the same results might have been obtained from 
these other procedures whose purpose is to reduce gastric acidity and to 
relieve gastrospasm without vagotomy and its sometimes distressing 
side reactions. Supporting this viewpoint is the fact that in about 79.4 
per cent of the cases in the series which we have reviewed motility 
returned to the stomach in a period of eighteen months and acidity 
returned to preoperative levels in 15 of the 42 (35.7 per cent) patients 
whom we were able to study on their return to the clinic. 

3. There is no place for vagotomy in the treatment of gastric ulcer. 
Partial gastrectomy in cases in which the gastric lesion is removed is 
followed by such excellent results and carries such a low risk (and the 
possible malignant lesion is removed) that we use this operation in the 
treatment of chronic recurring gastric ulceration rather than any other. 

4. In the treatment of gastrojejunal ulcer after gastroenterostomy, 
removal of the ulcer and partial gastrectomy seems to be the operation 
of choice for the reason that here again the results in many hundreds of 
cases have justified this procedure as being productive of permanent 
excellent results in about 85 per cent of cases and a procedure which can 
be carried out at a low risk. 

5. Vagotomy seems indicated for recurring ulcers which develop 
after adequate resections of the stomach. The short term results of 
vagotomy were excellent in 88 per cent of our cases. 

6. A disturbing factor in the evaluation of the results of vagotomy is 
the relief of symptoms and the subjective improvement experienced by 
some patients with persistence of the ulcer as shown by gastroscopic and 
roentgenologic examination. 





DIFFUSE POLYPOSIS OF THE STOMACH 


Total Gastrectomy 


ROBERT A. WISE, M.D. 
PORTLAND, ORE. 


P' YLYPS of the stomach occur either as discrete isolated papillary 
projections from the gastric mucosa or as diffuse multiple nodules 
transforming the entire mucosa into a polypoid mass. Meénétrier’s ' 
classic description of both varieties has not been excelled. He named the 
discrete form polyadénomes polypeux and the diffuse form polyadénomes 
en nappe, designations which are widely used at the present time. 

The frequency of malignant degeneration occurring in gastric polyps, 
together with their inaccessibility which prevents continued direct obser 
vation and control, makes resection of the polyp-bearing area, rathe1 
than simple excision, advisable. Because the majority of these polyps 
are found in the prepyloric and antral regions, subtotal gastrectomy will 
usually eradicate them successfully. However, polyps may cover the 
mucosa from the duodenum to the esophagus in either form of gastric 
polyposis. It is obvious that subtotal gastrectomy would be inadequate 
in the surgical treatment of such growths. Equally unsatisfactory would 
be the partial removal of the polyp-bearing area followed by fulguration 
or local excision of the remaining polyps in the fundus. Total gastrec 
tomy should be the recommended procedure, although only 5 cases in 
which this was employed were found in the literature.* 

Herein is reported the case of a patient with diffuse gastric polyposis, 
polyadenomes en nappe, illustrating the value of total gastrectomy in the 
surgical treatment of the disease. 


From the Surgical Service, Veterans Hospital. 


Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa 
tion, Santa Barbara, Calif., Nov. 30, 1949. 

Sponsored by the Veterans Administration and published with the approval of 
the Chief Medical Director. The statements and conclusions published by the author 
are the result of his own study and do not necessarily reflect the opinion or policy 
of the Veterans Administration 

1. Ménétrier, P.: Les polyadénomes gastriques et leurs rapports avec le cancet 
de l'estomac, Arch. physiol. norm. et path. 1:32, 236, 1888. 

2. Steiner, C. A., and Palmer, L. H.: Polyposis of the Stomach Treated by 
Total Gastrectomy, Am. J. Surg. 76:211, 1948. Berne, C. J., and Gibson, W R. 
Giant Hypertrophic Gastritis, West. J. Surg. 57:388, 1949. Maimon,. S. N Jart 
lett, J. P.; Humphreys, E. M., and Palmer, W. L.: Giant Hypertrophic Gastritis 
Gastroenterology 8:397, 1947. Goni Moreno, | Gastrectomia 


total en poliposis 
gastrica difusa, Bol. y trab., Acad. argent. de cir. 31:651, 1947 
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REPORT OF A_ CASE 


The patient, a white man aged 28, was admitted to the Veterans Hospital, 


Portland, Ore., on April 10, 1948, complaining of melena, anorexia, nausea and 
vomiting associated with burning epigastric pain of four months’ duration. The 
vomiting occurred two to five times during the day. The vomitus was brown in 
color and frequently contained blood clots. The physical examination was essentially 
noncontributory. The red blood cell count was 3,800,000, the hemoglobin content 
70 per cent and the white blood cell count 7,500, with 59 per cent polymorpho- 
nuclear cells. Gastric analysis showed total acid 9 and free hydrochloric acid 0. 








Pree yperativ e roentgenogram. 


Examination of the stools showed occult blood (4 plus). The Wassermann and 
Kahn tests showed negative reactions 

Gastrointestinal Series (by Dr. M. D. Hyman) (fig. 1).—Fluoroscopy showed 
large defects in the prepyloric region and the body of the stomach. There was no 
evidence of fixation, the stomach being pliable. Roentgenograms demonstrated 
large defects and deep rugal indentations along the entire greater curvature, 
extending deeply into the lumen of the stomach. A 1 cm. projection of barium from 
the lesser curvature was interpreted as being an ulcer niche. It appeared that the 
entire body of the stomach was involved with extensive defects, and it was thought 
that the ulcer was part of an ulcerating carcinoma. The roentgenogram made after 


a barium enema was normal 
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Gastroscopic Examination (by Dr. G. B. Long).—What appeared to be a large 
polypoid neoplasm was seen on the posterior wall near the lesser curvature. The 
mucosa appeared nodular, with small polyps or pseudopolyps scattered along the 
greater curvature and the anterior wall. The impression was that the patient had a 
gastric carcinoma or a polypoid type of hypertrophic gastritis. 

Operative Data (June 2, 1948).—A transverse upper abdominal incision was 
made. The stomach was found to be extremely large, its walls tremendously 
thickened and edematous. Innumerable nodules were palpable within the lumen. 
There was edema of the gastrohepatic omentum, which contained many large soft 
lymph nodes. A gastrotomy was performed and the mucosa inspected. It was found 
to be thrown up into great folds which were covered with masses of smooth poly- 
poid growths. The entire mucosa of the stomach, from the duodenum to the 
esophagus, was involved. Because of the gastric hemorrhages and the possibility of 
malignant degeneration, it was considered advisable to remove the entire stomach. 


Therefore, the incision was continued across the left seventh interspace and the 





Gross specimen of the entire stomach. 


pleural cavity opened. The diaphragm was incised to the esophageal hiatus, giving 


adequate exposure. Total gastrectomy, esophagojejunostomy and jejunojejunostomy 
were performed 

Pathologic Report (by Dr. E. J. Losli)—The specimen consisted of the entire 
stomach and measured 19 cm. in length and 17 cm. in circumference (fig. 2). The 
serosa was smooth and glistening. The mucosa was markedly thickened and its 
usual pattern completely altered. The rugal folds were markedly hypertrophied 
divided into innumerable lobular and papillomatous-like masses which gave the 
mucosa a bizarre appearance. Occasionally the short portions of folds ran trans- 
versely. Deep irregular crypts were present at intervals. In various portions of the 
mucosa there were friable, hemorrhagic, sessile, pedunculated, papillomatous masses 
which measured from 3 to 5 mm. in diameter. These were most numerous in the 
fundic portion. At the cardiac portion the rugae were reduced in number, but 
there were numerous broad-based, verrucous-like thickenings of the mucosa. On 


sectioning, the wall had a thickened submucosa and a papillomatous-like mucosa 
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Photomicrograph showing hypertrophied polypoid mucosa with cysts. 














Fig. 4.—Photomicrograph showing submucosal hemorrhage. 
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Elsewhere the submucosa appeared relatively thin and hemorrhagic, and the over- 
lying mucosa was pleated. The muscularis externa appeared uniformly hyper- 
trophied and intact. Grossly there were no specific areas of ulceration or induration. 
Microscopic examination showed that the mucosa varied markedly in thickness 
It was often thrown into polypoid formations which had long gastric glands. The 
muscularis mucosa extended for a considerable distance into the polyps. Often the 
glands were distorted, and frequently they were dilated and cystic (fig. 3) 
Numerous parietal cells were present in several sections. There was erosion of the 
mucosa in many areas, extending down to the muscularis mucosa. Some of the 
polypoid projections were extremely hemorrhagic, the hemorrhage extending to 
the muscularis mucosa and obliterating the mucosa (fig. 4). In none of the sections 
was there evidence of malignancy. The submucosa was thickened and edematous 
The inflammatory infiltration was comprised of lymphocytes and plasma cells in 
some areas, and in others granulocytes were present. Only occasional inflammatory 
infiltration was noted in the muscular and serosal layers. The pathologic diagnosis 
was hemorrhagic polyposis gastrica diffusum, with erosion. 

The postoperative course was complicated by atelectasis of the left lung but 
otherwise was uneventful. 

Follow-Up Data (Nov. 7, 1949).—The patient was free of gastric symptoms 
His weight was maintained at 156 pounds (70.8 Kg.), his red blood cell count was 
4,730,000, hemoglobin content 94 per cent and serum protein 6.3. A roentgenogram 
showed a well functioning esophagogastrostomy opening (fig. 6). He was doing 
his usual work as a farmer 

COM MENT 

Classic examples of diffuse polyposis of the stomach, polyadenomes 
en nappe, are reported by Ménétrier,' Balfour,’ Ruggles, Brunn and 
Pearl,’ Strauss and others,® Beechini,’ Christopher * and Heeks and 
Gibb.” It appears to be a definite clinical entity, occurring usually in 
persons in the second and third decades, with achlorhydria being a con- 
stant finding. The pathologic picture is striking. Grossly, the mucosa 
is thrown into great rugal folds on whose slopes and summits are 
innumerable rounded projections. Chronic inflammatory changes are 
present, evidenced by the boggy, thickened stomach wall. Microscopi- 
cally, the great folds are seen to be due to marked glandular hypertrophy 
and the mucosal projections to be polyp-like structures frequently con- 


taining cysts. While tenting of the submucosa and muscularis mucosae 


3. Balfour, D. C.: Polyposis of the Stomach, Surg., Gynec. & Obst. 28:465, 
1919 

4. Ruggles, H. E.: Unusual Gastric Polyp, Am. J. Roentgenol. 7:356, 1920 

5. Brunn, H., and Pearl, F.: Diffuse Gastric Polyposis, Adenopapillomatosis 
Gastrica, Surg., Gynec. & Obst. 43:559, 1926. 

6. Strauss, A. A.; Meyer, J., and Bloom, A.: Gastric Polyposis: Report of 2 
Cases with Review of Literature, Am. J. M. Sc. 176:681, 1928 

7. Becchini, G.: Adenoma gastrico, Riforma med. 48:985, 1932. 

8. Christopher, F.: Malignant Diffuse Gastric Polyposis, Ann. Surg. 106: 139, 
1937. 

9. Heeks, W. G., and Gibb, W. T., Jr.: Gastric Polyposis: Report of Case of 
“Polyadenomes en Nappe” Diagnosed Gastroscopically, Ann. Surg. 115:356. 1942 
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is not present in all, it is found in many of the projections. These polyp- 


like projections are similar in structure to the inflammatory polyps seen 


in advanced cases of ulcerative colitis. Hemorrhage within and beneath 
the mucosa is a frequent finding. 

The diagnosis is often difficult. Diffuse polyposis may simulate 
gastric carcinoma, hypertrophic gastritis or lymphosarcoma. A careful 
roentgenologic study, outlining the rugal folds, together with a gastro- 
scopic examination is essential. 











Fig. 5.—Postoperative photograph of patient, showing healed incision. 


he incidence of malignant degeneration is less frequent in the diffuse 
polypoid type than in the discrete form. However, Christopher's -y 
remarkable case showed diffuse adenocarcinomatous change, with inva- 


sion of the submucosa, and Finney '’ illustrated a specimen in the 
museum of the College of Physicians and Surgeons of Baltimore in 
which a large carcinoma was present in a stomach diffusely polypoid. 

10. Finney, J. M. T., and Friedenwald, J.: Gastric Polyposis, Am. J. M. Sc. 
154:683, 1917 
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It is advisable to follow the recommendation of Pearl and Brunn '' to 
treat gastric polyps of either type in “accordance with the total incidence 


of malignant degeneration,” which in their series was 51 per cent. 


Particular emphasis should be placed on the importance of removal 
of the polyp-bearing area by resection. Twenty-eight per cent of 
the cases collected by Pearl and Brunn '' showed the distribution of the 
polyps to be throughout the entire stomach. When polyps involve the 
entire stomach, complete removal can be accomplished only by total 


gastrectomy. 


Fig. 6.—Postoperative roentgenogram. Total gastrectomy, esophagojejunostomy. 


SUMMARY 
Diffuse polyposis of the stomach is described in the report on a 
patient in whom the entire stomach was involved. Total gastrectomy 
was successful in the complete eradication of the disease. In patients 
with either the discrete or the diffuse type of gastric polyposis involving 
the entire stomach, total gastrectomy rather than partial resection should 
be the procedure employed. 


11. Pearl, F., and Brunn, H Multiple Gastric Polyposis: Supplementary 


Report of 41 Cases, Including 3 New Personal Cases, Surg., Gynec. & Obst 


76:257, 1943 
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He IT for the first successful total gastrectomy goes to Schlatter,’ 

who in 1897 reported his case in which gastrointestinal continuity 
was reestablished by means of an esophagojejunal anastomosis. It was 
just one year later that Brigham * accomplished the operation success- 
fully by employing an end to end esophagoduodenostomy. In the follow- 
ing years total gastrectomy was performed in isolated instances, with a 
rather forbidding mortality rate. As the years passed the operation was 
extended to more and more cases, until at present it has become a 
rather standard procedure. 

Pack and McNeer * have presented surveys of the trends and have 
commented on the decline in popularity of esophagoduodenostomy during 
the intervening years. In their reports of an early series covering the 
years 1884 through 1920, the end to end method was employed in 41.3 
per cent of the cases. In the interval, 1921 through 1930, the incidence 
of the use of this method dropped to 29.8 per cent, and in the more mod- 
ern series, 1931 through 1942, the incidence was only 3.7 per cent. Pack 
and McNeer ascribed the late unpopularity of end to end esophagoduo- 
denostomy to “the technical difficulties of accomplishing this anastomosis, 
the almost universal unsuitability of the method, and the constantly high 
operative mortality.” 


Wangensteen * presented refinements of technical steps in the esopha- 


gojejunostomy method which he credited for the enviable mortality rate 


From the Division of Surgery, Mayo Clinic. 

Read at the Fifty-Seventh Annual Meeting of the Western Surgical Asso- 
ciation, Santa Barbara, Calif., Nov. 30, 1949. 

1. Schlatter, C., cited by Pack, G. T.; McNeer, G., and Booher, R. J. 
Arch. Surg. 55:457-485 (Oct.) 1947 

2. Brigham, cited by Pack, McNeer, and Booher.! 

3. Pack, G. T., and McNeer, G.: Total Gastrectomy for Cancer: A Collective 
Review of the Literature and an Original Report of 20 Cases, Internat. Abstr. 
Surg. 77:265-299, 1943, in Surg., Gynec. & Obst., Oct. 1943 

4. Wangensteen, O. H Technical Suggestions in the Performance ot Total 
Gastrectomy, Surgery 25:766-775 (May) 1949. 


102 





JUDD-HOON—TOTAL GASTRECTOMY 103 


of 3.5 per cent in a recent series of 24 consecutive cases. He stressed the 
importance of an air vent type of drain, a measure which is Decoming 
standard in many centers. 


Lahey * also favored the end to side esophagojejunostomy. He 
emphasized the importance of fashioning flaps of peritoneum to be sutured 
over the anastomosis, not only to cover the suture line but also to help 
suspend the intestine without tension. 


Recently interest in end to end esophagoduodenostomy has been re- 
vived by Neibling and Walters ° and by Priestley and Kumpuris.? They 
have considered the operation to be of advantage in properly selected 
cases because of its comparative simplicity and because of the resultant 
more nearly normal anatomic and physiologic arrangement of the ali- 
mentary tract. In a recent total gastrectomy we had occasion to employ 
this method and were struck by the same features that Walters and 
Priestley had reemphasized. 


We operated on a white man 49 years of age who suffered from a small 
carcinoma high on the lesser curvature of the stomach. We had begun the operation 
with subtotal gastrectomy in mind, but as the operation progressed it became 
apparent that the lesion extended so high that it would be necessary to resect a 
portion of the esophagus. Therefore, total gastrectomy was accomplished, the lower 
part of the abdominal portion of the esophagus being removed. The duodenum 
was mobilized easily and was demonstrated to reach readily to the esophagus 
without tension. An end to end anastomosis was then carried out, and the nasal 
tube was threaded well into the duodenum for the purpose of early feeding. A 
large drain was placed next to the anastomosis and brought out through a left 
subcostal stab incision. The pathologist reported an ulcerating grade 4 carcinoma. 
Postoperatively fluids were administered intravenously for twenty days, since we 
were reluctant to permit large oral feeding at first. Parenterally, protein hydroly- 
sate was used liberally and blood was transfused several times to maintain a good 
level of serum protein. Formula feeding by way of the nasal tube was started on 
the fourth postoperative day, and several days later a high protein liquid diet was 
allowed. The patient tolerated the feeding surprisingly well in spite of the fact that 


a small anastomotic fistula became evident on the twelfth postoperative day. This 


was drained effectively by the air vent suction’ method. After four days the 


5. Lahey, F. H Total Gastrectomy, S. Clin. North America 29:747-765 
June) 1949 

6. Neibling, H. A., and Walters, W.: Total Gastrectomy With Esophago- 
duodenal Anastomosis, Proc. Staff Meet., Mayo Clin. 21:449-453 (Nov. 27) 1946 
Walters, W.; Priestley, J. B., and Gray, H. K.: Total Gastrectomy: Billroth | 
Procedures for Extensive Malignant Growths (Lymphesarcoma in One Case) 
Including Its Application to Elderly Patients; Pylorectomy for Hemorrhagic 
Ulcers; Hepaticoduodenostomy for Strictures of the Common Bile Duct; Resection 
of the Common Bile Duct for Neurofibroma; Ureterosigmoidal Transplantation 
and Plastic Operations on the Penis in Cases of Exstrophy of the Bladder; Report 
of 13 Cases, S. Clin. North America 11:809-828 ( Aug.) 1931 

7. Priestley, J. T., and Kumpuris, F Total Gastrectomy with Esophago 
duodenal Anastomosis, Arch. Surg. 56:145-152 (Feb.) 1948 
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discharge was negligible and suction was discontinued. The fistula closed promptly. 
Postoperative laboratory studies revealed adequate maintenance of the values for 
hemoglobin and serum protein, so that on the nineteenth postoperative day there 
were 13.7 Gm. of hemoglobin and 6.3 Gm. of serum protein per hundred cubic 
centimeters of blood. The patient was dismissed to his home in good condition and 
was able to eat a liberal diet. Four months later he reported that he was able to 
carry on his normal duties as a farmer. His home physician forwarded to us 
roentgenograms that demonstrated free function at the anastomotic site. Blood 
studies indicated that his nutritional state was still satisfactory. 


TECHNICAL CONSIDERATIONS 


The suggestions of Walters and Priestley were followed in our case 


and with certain modifications appear to be practical. It is to be empha- 


sized that there is only one loop of intestine concerned and therefore 
only one suture line results; obviously the questions regarding entero- 
anastomosis and whether to place the gastrojejunal anastomosis anterior 
or posterior to the colon do not arise. 

The actual technic of esophagoduodenostomy in total gastrectomy is 
not complicated. After the necessity for total gastrectomy has been 
determined, mobilization of the stomach is accomplished in the usual way. 
The duodenum is severed below the pylorus and held in a curved clamp. 
The stomach is then freed until it is attached only to the esophagus. 
Soth the omenta and the spleen can be removed as usual. The end of the 
duodenum is brought over to the esophagus to determine whether it may 
lie in this position without tension. If necessary the lateral peritoneal 
attachments of the duodenum may be severed to allow greater ease of 
displacement of the duodenum to the left. 

After it has been demonstrated that the duo’enum will lie freely in 
contact with the esophagus, the anastomosis of these structures may be 
fashioned in one of several manners. Initially, a few interrupted silk 
sutures approximating the posterior wall of the duodenum to the pan- 
creas at some distance from the anastomosis are useful in retaining the 
duodenum in its position close to the esophagus. For the anastomosis 
three rows of interrupted silk sutures may be employed or any one of a 
variety of other combinations apparently is satisfactor- \ method 
described by Priestley and Kumpuris consists of a three row technic 
including an outer row of interrupted silk, a middle row of continuous 
silk and an inner row of surgical gut. The esophagus is left intact until 
the mucosal row is begun, when a transverse incision is made in its 
posterior wall. After completion of the posterior mucosal sutures the 
anterior wall of the esophagus is gradually incised as the anterior mucosal 
sutures are placed. When the anterior sutures are placed, the duodenum 
is anchored anteriorly either to the triangular ligament of the liver or to 


the under surface of the left lobe of the liver. The placing of an air vent 
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type of drain is a most valuable step; preferably, this is accomplished 
through a stab type of incision. A nasal tube may be passed well into 
the duodenum for the purpose of early feeding. 


THE PRESENT STUDY 

Since Walters and Priestley had outstanding success in several iso- 
lated instances and since we followed their suggestions with rather grati- 
fying results, we were stimulated to review the records in an attempt to 
determine whether the results obtained were fortuitous or whether indeed 
the operation might possess certain merits. We started with the earliest 
total gastrectomy and divided the cases into two groups according to the 
type of anastomosis employed. Our inquiry attempted to determine (1) 
which subjects were most suitable for esophagoduodenostomy, (2) the 
peculiarities influencing the operative procedure and the early post- 
operative course, (3) the complications and (+) the hospital mortality 
associated with each type of operation. 

Material——The cases selected for this study were those in which 
treatment was carried out at the Mayo Clinic from 1945 through 1948 
This period was chosen because modern adjuncts to preoperative and 
postoperative care were available to all. It was found that total gastrec- 
tomy had been performed one hundred and eighty-eight times from 1917 
through 1948. The operation has become increasingly common, since it 
was performed only twice before 1920, six times from 1920 through 1929, 
twenty-six times from 1930 through 1939 and one hundred and fifty-four 
times trom 1940 through 1948. In this entire group esophagojejunostomy 
was performed in 173 instances and esophagoduodenostomy in only 15 
instances. From 1945 through 1948, there were 88 total gastrectomies, 
76 of which were completed by esophagojejunostomy and only 12 by 
end to end esophagoduodenostomy. 

Selection of Patients—The patients found suitable for esophago 
duodenostomy are usually slender, asthenic and inclined to give evidence 
of visceroptosis. Recent marked loss of weight is common. On the con 
trary, obese, stocky persons generally lack the required mobility of the 
viscera which one would demand for an end to end anastomosis 

\mong the preoperative variables investigated, the age of the patient 


I 
proved to be no barrier to either form of anastomosis in total gastrectomy. 


Ksophagojejunostomy was performed on patients whose ages ranged 


from 30 to 92 years, with an average of 55 vears; 23 of these were less 


¢ 
than 50, and 4 were more than 70 vears old. Esophagoduodenostomy 
} 


was performed on patients whose ages ranged irom $2 to 73 years, with 
in average of 60 vears. There ay peared to be a significant difference in 


sex ratio between the two series In the group in which the classic 


esophagojejunostomy was performed there 58 men and 18 women. 
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a ratio of approximately 3:1. In the other group there were 6 of each 
sex, a ratio of 1:1. Patients who had end to end anastomosis were, on 
the avcrage, 0.6 inch (1.5 cm.) taller and weighed 9 pounds (4.1 Kg.) 
less than those who underwent the classic end to side type of anastomosis. 

The choice of type of anastomosis must be made during the opera- 
tion rathcr than beforehand, since this is essentially a point of operative 
procedure directly determined by the local visceral relationships. 

The reasons given for total gastrectomy in this series were about the 
same tor the two groups of cases. For esophagojejunostomy the indica- 
tions comprised extensive carcinoma of the stomach, including linitis 
plastica, in JY cases, a tumor high in the proximal portion of the stomach 
in 27, « high situation for an ulcer in 7 and multiple carcinomas in 3. The 
end to end anastomosis had been performed on 8 patients with extensive 
gastric carcinoma, on 3 with a high situation of the tumor and on 1 with 
an ulcer high in the cardiac portion of the stomach. The most interesting 


point is that in all 12 instances of end to end esophagoduodenostomy the 


surgeons commented on the marked mobility of the duodenum, certainly 
the most important prerequisite to this type of operation. On the other 
hand, in the group of patients who underwent esophagojejunostom) 
there was not | instance in which duodenal mobility was discussed. In 
fact, the difficulty of the operation was remarked on, especially in 7 of 
the cases, and the excessive immobility of the duodenum was the out- 
standing feature in 1 additional case. While no patient undergoing 
esophagoduodenostomy underwent enteroanastomosis, 55 of those under- 
going esophagojejunostomy were also subjected to this procedure. 
Comparative Postoperative Course-—The postoperative course of 
patients with end to end anastomosis compared to that of patients with 
the more classic end to side repair revealed certain facts. Several features 
were found to be similar in both procedures. The average number of 
days spent in the hospital after operation was 25.2 for patients who had 
end to side anastomosis and 26.4 for those who had end to end anastomo 
sis. Fluids were administered intravenously for an average of 10.2 days 
to the patients undergoing esophagojejunostomy and 12 days to those 
undergoing esophagoduodenostomy. Study of hospital charts suggested 
that surgeons were reluctant to begin early oral feeding of patients who 
had undergone what was considered a less orthodox operation. There 
was a consistently greater need for blood transfusion in patients under 
going esophagojejunostomy, as they were found to require an average of 
1,150 ce., compared to 1,000 ce. in the other group. In both instances diets 
were established at approximately similar times, fluid having been admin- 
istered by way of the nasal tube for a variable interval. However, as 
noted previously, the postoperative diet designed for patients who have 


undergone gastric operations was begun an average 
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the patients who had the classic operation, apparently because the sur- 
geons were being doubly cautious in the type of case that was encountered 
far less frequently. 

Several striking differences are outlined in table 1. Diarrhea occurred 
in only 1 of the 12 patients undergoing esophagoduodenostomy, which is 
considered significant. It is to be admitted that in the later postoperative 
course in 1 additional case jejunostomy was performed to overcome tem- 
porary difficulty in feeding, and during the time that the jejunostomy 
feedings were administered there was transient diarrhea. Compared 
with this we noted that in the group undergoing esophagojejunostomy 
diarrhea was a definite factor in 24 of the 76 cases. It is suggested that 


Tasie 1.—Early Postoperative Complications 


Complication Esophagojejunostomy Fsophagoduodenostomy 
Diarrhea. 24 (18 mild, 5 1 (slight) 
moderate, | 


severe) 


Fistula.. 10 (2 fatal none fatal) 
Generalized peritonitis . 6 tatal 

Severe pulmonary complications 2 

Subphrenie abscess } (questionable) 


Abscess about duodenal stump 


Other ( omplicatt INS 


Complicatior Fsophagojejunostomy Fsophagoduodenostomy 


Wound infection » - 
Wound separation... 

Intestinal obstructior 

Gastrointestinal hemorrhag 

Prolonged anorexia 


Anuria 
Uremia 


this might point to the fashioning of a more natural continuity of the 
gastrointestinal tract as being a method of overcoming what proved to 
be, in some cases, distressing diarrhea 

Surprisingly enough, fistulas were rather frequent in patients with 
the end to end type of anastomosis (5 of 12 cases). None of these proved 
either fatal or permanent. In the group undergoing esophagojeju 
nostomy, fistula formation was less common, occurring in only 10 of the 
76 cases, but when it appeared it was a much more serious situation. In 
2 patients the fistulas were immediately fatal. In 10 additional patients 
with the end to side repair, general peritonitis developed ; in these an 
anastomotic leak was certainly the most likely possibility. Six of the 


] 


patients with generalized peritonitis died while in the hospital. Other 


complications are listed in table 2 
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Postoperative Nutritional State-——A determination of late postopera- 
tive nutritional status would be of significance in a comparison study, but 
this was beyond the scope of the present report. A study somewhat along 
these lines has been executed but not yet reported. In a comparison of 
the Schoemaker-Billroth | type of operation with the Polya procedures 
in subtotal gastrectomy the clinical impression of Higginson and Clagett ° 
was that patients with the Billroth I type of repair experience less post- 
prandial distress and less difficulty maintaining body weight than do 
those patients who undergo some modification of the Polya operation. 


Information was available on the early nutritional state of the major- 


ity of the patients in our series as indicated by the hemoglobin and serum 
protein determinations. Postoperatively, in the esophagojejunostomy 
group the value for hemoglobin was less than 10 Gm. in 9 instances, 
while in the group of patients who underwent end to end esophago- 
duodenostomy the lowest value was 10.1 Gm. The values for serum 
protein were about the same in the two groups. Of 11 patients who 
underwent esophagoduodenostomy and for whom records of serum pro- 
tein levels were available, 5 had values that were less than 5.5 Gm. per 
hundred cubic centimeters in the early postoperative period. Of 50 
patients undergoing esophagojejunostomy for whom records of serum 
protein values were available, 23 exhibited values that were less than 
5.5 Gm 

Stricture Formation.—Postoverative roentgenologic examination in 
the cases of esophagoduodenostomy revealed a free anastomosis in each 
instance. In 14 cases of the other group there was enough question about 
the function of the anastomosis to lead the surgeons to investigate repeat- 
edly by roentgenologic means. One patient was found to have definite 
narrowing of the anastomotic site, with considerable dilatation of the 
esophagus immediately above this point. An additional patient exhibited 
what was taken to be a free anastomosis but had severe spasm of the 
esophagus in its lower portion. 

Hospital Mortality.—In this series there were no hospital deaths in 
the 12 cases of esophagoduodenostomy. Of the other group, 13 patients 
died, although in 1 case the death did not occur until eighty-three days 
aiter the operation; this patient might have returned home sooner but 
was kept in the hospital because of expediency in nursing. This gives a 


hospital mortality rate of 17.1 per cent. Pack, MeNeer and Booher ® 


have found, in their compilation of reports, operative mortality rates of 


10.7 per cent for esophagoduodenostomy and 33.9 per cent for esophago 
nd Clagett, O. T Gastric Resection: The Schoemaker 


24:613-62 ct.) 1948 Vollaeger, E. E., and 


inciples Governing Total 


Oct.) 1947 
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jejunostomy. It is to be admitted that their figures were based on the 
results for the entire series, inclusive of the early cases as well as the 
more modern ones. Pack and his co-workers had abandoned esophago- 
duodenostomy in the performance of total gastrectomy for the reasons 
already mentioned. The absence of hospital deaths in our series of patients 
who underwent esophagoduodenostomy is doubtless an accident peculiar 
to all small series, but this study of the recent four year period refutes 
to a certain degree the assumption that the operation carries a prohibi- 
tive risk. 
SUMMARY AND CONCLUSIONS 

\lthough esophagojejunostomy rightfully remains the important 
means of reconstruction of the alimentary tract following total gastrec- 
tomy, being suited to a greater number of patients, it appears that esopha- 
goduodenostomy retains a definite place. The latter operation may be 
performed to advantage in carefully selected cases. Its relative technical 
simplicity, lower incidence of certain early postoperative complications, 
relative ease of early maintenance of a good nutritional state and low 
hospital mortality rate as noted in this recent series make end to end 
anastomosis a procedure well worthy of serious consideration. Post- 
operative fistula formation was more frequent but of definitely less seri 
ous consequence in the patients in whom end to end anastomosis was 
carried out than in those who underwent end to side anastomosis. It is 
clear that anatomic requirements limit the application of this operation 
to those cases in which there is no tension at the anastomotic site. 


DISCUSSION 

Str HeneaGe Ocitvir, London, England: I am delighted to hear a gastric 
surgeon of Dr. Walters’ worldwide eminence sounding this note of caution on 
vagotomies, because I do feel that we have suffered from too much enthusiasm and 
too little caution in the past 

First, vagotomy is an operation based largely on operations on the dog. I feel 
that all experimental surgery is vitiated by the fact that the digestive system of 
each animal is suited for a particular set of conditions. I think it is likely that if 
we were to feed a cow a civilian diet we should give her a gastric ulcer. The dog 
belongs to wild ancestors whose diet was purely meat, and generally rotten meat, 
because they lived on animals and were largely carnivorous. Second, the dog, 
hunting in packs, has got to eat quickly. In an animal that eats meat only and eats 


it quickly, it is essential that a large amount of highly proteolytic digestive fluid 


shall be in his stomach at the time the meat is eaten. Therefore, in a dog the 
l 


psychogenic secretion is all-important, and the second wave of hormonic secretion 


matters little. I doubt if the psychogenic secretion in man is so important. Secretion 
is almost entirely a response to the sight or the immediate anticipation of food, and 
what is secreted in the presence of food 


| 


absence of food, is a danger 


is practically harmless. Secretion in the 


There is an additional danger in the routine 
accompanied with an anastomotic oper ‘ rf sort which.makes 


he stomach empty quickly. The second wave of hormonic n is borne into 


empty stomach and over an em} stror I he rs hing to be considered 
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whether it is wise to remove the psychogenic secretion, leaving the second wave 
of hormonic secretion intact. 

It is possible, by a fairly simple operation, i. e., vagotomy combined with 
rethoval of the pyloric end of the stomach, to produce complete achlorhydria. The 
operation of hemigastrectomy is being advised in our country by a number of 
persons. I should like to hear what the opinion of American surgeons is on the 
wisdom of producing complete achlorhydria. By producing this we almost certainly 
cut out the danger of future peptic ulceration. But do we not bring other dangers 
in its place? One point that was brought out excellently in Dr. Wise’s paper was 
that when achlorhydria is present epithelial tumors are likely to develop. There 
have been a number of follow-ups of a large series of patients with pernicious 
anemia and complete achlorhydria, in which the incidence of cancer was about 
7 per cent and the incidence of polypoid tumors 6 or 7 per cent, that makes 13 per 
cent of tumors altogether. 

It is my opinion that the indications for vagotomy alone are few today. One is, 
as Dr. Walters emphasized, recurrent ulceration following radical gastrectomy 
well done, and the other, I think, is that small group of patients in whom one feels 
that the ulcer and the symptoms are purely psychogenic and that their worries are 
their whole trouble. For those persons you will find that vagotomy alone is an 
excellent treatment. 

The condition described in Dr. Wise’s paper I had never seen, and the pictures 
were most striking. Innocent tumors of the stomach should be regarded as innocent 
only for the time being, and any abnormality of the gastric mucosa is better treated 
by resection. I personally have seen epithelial tumors as single large polypoid 
masses that cause hemorrhage, and the multiple tumors which I have encountered 
have all been in the outer coats of the stomach, and a number of them have been 
fibromas 

I was greatly interested in Dr. Judd’s paper. This is my fifth visit to America, 
and it is one of my great regrets that on my first visit his famous father was no 
longer at the Mayo Clinic. It is a pleasure to find that the great tradition is being 
carried on by his son. He made an extremely good point for esophagoduodenal 
anastomosis. It is an operation which I have never had the courage to perform as 
yet, because I feel that the lower part of the bowel must be brought to the esophagus 
from where it lies normally and not the esophagus brought to the lower portion 
of the bowel. When I have tried it, | have got into trouble, and therefore my 
resections are generally done transthoracically. 

There is no doubt that total gastrectomy is finding an increasing place in 
surgery, and one of the most interesting phenomena is to find a man who for a 
whole year has lost his appetite and then has got it back at once and can eat 
everything with the greatest enjoyment after undergoing the operation. 

Dr. THropore C. Lawson, Oakland, Calif Dr. Wise mentioned that his 
patients had to have twelve meals a day, with weight loss and anemia. I should 
like to offer for your consideration an operation which was thought of by a 
brilliant confrere of mine, Dr. Arthur Hunnicutt, of Oakland, Calif.. in which 
substitutes the cecum and ascending colon for the excised stomach. These patients 


ive to be selected with care 


Preoperatively, succinylsulfathiazole and antibiotics, preferably streptomycin 


j ’ 
ind aureomycin, are used to sterilize the colon. Resection is done, and the end of 
phagus and duodenum left open. The terminal portion of the ileum is divided 
(10 cm.) proximal to the ileocecal valve. End to side transverse. ileo 


1 


colostomy 1s done Phen, the right transverse colon proximal to the 
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anastamosis is closed. The terminal portion of the ileum, cecum and ascending 
colon up and around past the hepatic flexure is mobilized, the arterial supply to the 
terminal end of the ileum, cecum and ascending colon being preserved. The cecum 
and colon are mobilized and rotated, and the terminal portion of the ileum is 
approximated end to end into the esophagus. End to end esophagoileostomy is donc 

Now the portion of the transverse colon is larger than the end of the duodenum 
This can be brought down and narrowed, according to the Hofmeister technic, or 
the wall of the duodenum can be cut obliquely and end to end coloduodenostomy 
done. Patients are up the first, second or third day and in a few days, instead of 
eating twelve meals a day, are eating three meals, with no loss of weight. They 
are hungry and can eat anything given to them 

This food pouch means larger meals, eaten more quickly, as you know, with 
the ileocecal valve pointed downward. You raise the question: “Can they regurgi 
tate or vomit?” The answer is that they do not have to regurgitate. The cecum 
is not an organ that secretes; it absorbs water and electrolytes. Therefore, there 
is no need for vomiting or regurgitation. 

Thus far 2 patients have been treated, 1 of whom is living and well eight 
months after operation, which is too small a series from which to draw conclusions 
One vatient died of metastasis, but at any rate I offer you Dr. Hunnicutt’s technic 
whereby a gastric pouch can be obtained which will hold an adequate amount of 
food as the stomach does with no need of many feedings and no loss of weight 
Che patients feel perfectly well and have no untoward results 

Dr. Harotp Linco_n Tuompson, Santa Barbara, Calif.: Concerning the 
physiologic effect of vagus resection, it is worthwhile to call attention here to the 
fact that there are three phases of gastric secretion. One is the psychic phase, 
and it is mediated through the vagus nerves. It is the only phase, therefore, which 
is affected by vagus resection. In other words, there are two phases of gastric 
secretion which remain unaffected by the operation of vagus resection. It is there 
fore erroneous to imply that complete achlorhydria is effected by this operation 

With respect to adenomatous polyp, it is well known that this is the most com- 
monly occurring benign tumor of the stomach At the Los Angeles General 
Hospital, Dr. Joseph M. Oyster and I recently reviewed 120 cases of neoplasm 
of the stomach othér than carcinoma which occurred over a period of eleven years 
In this group there were 41 cases of adenomatous polyp which represented inci 


dental findings at pathologic examination, or 73.3 per cent of the series. There were 


15 cases, or 26.7 per cent of the series, in which there were significant symptoms 


of gastrointestinal disorder Thus these cases were collected from the clinical 


records 
Whereas adenomatous polyp usually is classified as benign, the clinical features 
indicate otherwise. It was noted in our series that pain was present in nearly 50 


per cent of the cases. Moreover, bleeding in the form of hematemesis was present 


in 33 per cent, melena in 26.6 per cent and hematemesis and melena in an additional 


20 per cent. Thus bleeding in some form was noted in 80 per cent of cases 


The anatomic site is of interest. In agreement with the remarks of Dr. Wise 


we found that in nearly half of the cases polyp occurred in the pyloric antrum 
On the other hand, the entire stomach was involved in 20 per cent of instances 


Points of unusual interest were found with respect to the associated pathologic 
changes. Benign ulceration was present in 73.5 per cent of cases, whereas malignant 
degeneration was found in 13.2 per cent 

Che diagnosis was made by roentgen examination alone in 30 per cent of cases 
and made or confirmed by gastroscopy in 100 per cent. Likewise the diagnosis was 
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made at operation in 33.3 per cent, at autopsy in 60.0 per cent and by the combined 
methods in 6.7 per cent. 

It is more than noteworthy that conservative treatment was employed in 6 
cases, with a mortality of 100 per cent. In 3 cases in which treatment was not 
employed there also was a mortality ef 100 per cent. Surgical treatment was 


utilized in 6 cases, with a mortality of 33.0 per cent. These mortality figures must 


be corrected with respect to whether death was caused by contributory or noncon- 
tributory factors. Thus, contributory factors in the entire group included hemor- 
rhage in 3 cases, operation in 2 and cardiac conditions in 2, or a total of 63.5 per 
cent of cases. Noncontributory causes of death included cardiovascular accidents 
in 2 cases, uremia in 1 and no diagnosis in 1, or a total of 36.5 per cent. 

Dr. Henry N. Harkins, Seattle: This is my first appearance on this platform 
before the society, and I want you to know again what a great honor you have 
bestowed on me by making me a member of the Western Surgical Association at 
the last meeting. My remarks will be confined to Dr. Judd’s excellent paper, and, 
while my series was much smaller, | want to agree with his points and elaborate 
on one of them. 

As far as the merits of the procedure of end to end total gastric resection are 
concerned, I can agree. I have had 4 personal cases in the last two years, with no 
deaths, and this seems to be a feasible procedure. A question that is often asked 
of me is how one can approximate the duodenum to the esophagus. Actually this 
procedure is simple, and, as Dr. Judd stated, often the duodenum does not have 
to be mobilized to any great degree, although in my cases I have always mobilized 
it considerably. One of our 4 patients who underwent pancreatic resection died 
three months after operation of obstruction of the ileum, possibly due to adhesions 
from pancreatic leakage at the time of the original operation. Since that time we 
have used air vent drainage tubes in these cases. 

We have made a mistake which Dr. Judd did not make. You notice that he 
carried out this procedure in about 14 per cent of the cases in which gastrectomy 
was performed. We have done it in around 50 per cent of our cases. I believe 
that our figure is too high, and after hearing Dr. Zinninger’s paper last April at 
the meeting of the American Surgical Association and also having read some 
other statistics on the subject—and I hope that Dr. Zinninger will mention his 
figures—we feel that malignant involvement of the duodenum is frequent enough 
in cases of carcinoma of the stomach so that the duodenum should in most cases 
be cut off very short, and that in these instances total gastrectomy by end to end 
anastomosis is not the best procedure. However, when the tumor is well away 
from the duodenum so that the duodenum need be cut off only moderately short, I 
agree entirely with Dr. Judd that esophagoduodenostomy is a safe and feasible 
procedure. Dr. Judd did mention that this anatomic distinction should be made, 
ind | wish to add emphasis to his remarks. 

Dr. Max M. ZiInntnGer, Cincinnati: Dr. Harkins has already spoken about 
i matter that I think is important, and that is the tendency of gastric carcinoma 


into the duodenum. For the past two years Dr. Gall, Dr. Collins and I 
been investigating this matter. We have found that in approximately 25 to < 
the cases of gastric carcinoma which lies within 2 inches (5 cm.) of 

may be microscopic extension of carcinoma into the first portion 


rhis is not evident grossly to the surgeon, and it is not apparent 


unless he makes a special effort to cut sections of the duodenal 


ecur Varies cr 


, 
several centin 
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it seems to me that if a carcinoma of the stomach is to be removed and it lies near 
the pylorus, it is imperative that as much of the duodenum as possible should be 
excised. Removal of this much duodenum may preclude the end to end anastomosis, 
even though that may be desirable from other points of view so far as the post- 
operative course of the patient is concerned. 

Dr. WALTMAN Watters, Rochester, Minn.: I feel particularly honored to have 
Sir Heneage Ogilvie discuss my paper, because, as you all know, he has great 
interest in the field of gastric surgery, in addition to other fields of abdominal 
surgery, and also has contributed some interesting articles on lesions of the 
stomach. 

I agree, as I said in my paper, that at present the place for use of vagotomy is 
in the 2.5 per cent of cases in which recurring ulcer develops after adequate partial 
gastrectomy has been done. In such cases vagotomy offers a surgical procedure of 
low risk and excellent results, as has been indicated recently in a group of some 
20 such cases summarized by Priestley and his first assistant, Gibson. Vagotomy 
also has a place in the treatment of small recurring ulcers after gastroenterostomy, 
although I usually prefer partial gastrectomy in such cases. 

I am not sure about the place of vagotomy in the treatment of patients with 
small duodenal ulcers with a psychogenic origin. When I first came to the clinic 
twenty-nine years ago, we operated on about 50 per cent of patients who came to 
the clinic with duodenal ulcer. In those days, the conservative operation of excision 
of the ulcer combined with pyloroplasty or gastroduodenostomy in some of the 
cases was followed by surprisingly good results, as reported by Judd. Since then 
we have found that such cases are handled as well on the improved medical 
regimen. 

So, for the last few years, only about 14 or 15 per cent of our patients with 
duodenal ulcer have been treated surgically. As I showed you in my slides, gastric 


resections were done in 75.7 per cent of the cases of duodenal ulcer in which 


operation was performed. Vagotomy alone was done in 0.7 per cent, vagotomy 


and gastroenterostomy in 8.4 per cent and gastroenterostomy without vagotomy in 
9.8 per cent. 

I think that there is no place in the treatment of gastric ulcer for vagotomy 
Dragstedt and I both have reported on the recurrence of gastric ulcers when 
vagotomy alone was done 

The problem of the possible development of atrophic gastritis after vagotomy 
and the subsequent development of polyps and epithelial malignant lesions in cases 
in which achlorhydria is also present is one of considerable importance. At present 
studies along these lines are being made. Finally, the role of vagotomy in the 
treatment of duodenal ulcer when it is added to another surgical procedure such 
as gastrcenterostomy is troublesome to determine. The reason is that the results of 
gastroenterostomy without vagotomy have been excellent in most cases, and there- 
fore the question arises: In which cases should vagotomy be added to the gastro- 
enterostomy? The same applies to its addition to an adequate partial gastrectomy 

I cannot agree with the viewpoint of the English surgeons, as expressed by Sir 
Heneage Ogilvie today, that an inadequate gastrectomy or hemigastrectomy is 
improved by vagotomy. My personal feeling is that if a resection is to be done it 
is better to do an adequate one. If a recurring ulcer develops, vagotomy should 
be performed. Since so many patients have been operated on over the years for 
recurring ulcer after gastroenterostomy and since the results of partial gastrectomy 
have been so excellent in these cases I prefer the latter procedure to vagotomy in 
the management of such cases. Then if the patient again should be so unfortunate 


as to have recurring ulcer, there is still vagotomy left 
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It is interesting to speculate on the problem of vagotomy. I have a patient who 
had a large recurring ulcer after gastroenterostomy and vagotomy. On this patient 
I had to perform a jejunojejunostomy because of gastric retention twenty-six 
days after anterior gastroenterostomy and vagotomy. After these operations two 
insulin tests gave negative results. He was well for nine months, and then a large 
perforating gastrojejunal ulcer developeg. I finally performed partial gastrectomy, 
and he has been perfectly well since. Insulin tests still give negative results. 

Now, Dragstedt’s explanation of this case is that with the enteroanastomosis 
conditions were practically the same as in the Mann-Williamson experiment. 
Those of you who know the Mann-Williamson experiments know that this is not 
the case. The point, however, is that with the enteroanastomosis, dilution of gastric 
secretion and reduction of gastric acidity were not obtained. I believe that the 
reduction of gastric acidity by gastric resection was the most important thing in 
this case. This reduction and dilution would have been obtained by means of 
gastroenterostomy and vagotomy, although to a lesser extent if an enteroanasto- 
mosis had not been necessary. Let us grant that vagotomy, added to gastroenter- 
ostomy, will prevent a recurring ulcer and that vagotomy will allow an ulcer 
recurring after gastroenterostomy to heal. If, in a case such as has been cited, a 
gastrojejunal ulcer can develop after jejunojejunostomy (which prevents, for the 
most part, the reflux of biliary, pancreatic and duodenal secretion into the gastro- 
enterostomized stomach), it seems to me that certainly the reduction and dilution 
of gastric secretions and acidity are necessary for the best results. This is further 
substantiated by the fact that with vagotomy alone in the treatment of duodenal 
ulcer (after which reflux of biliary, pancreatic and duodenal secretion into the 
stomach is not obtained) only 65 per cent of patients obtain an excellent result, 
in contrast to 88 per cent who do if the vagotomy is combined with gastro- 
enterostomy. 

Dr. Ropert A. Wisk, Portland, Ore.: I should like to mention how well Dr. 
Thompson illustrated by his slides the tragic results which may occur after con- 
servative therapy of these epithelial growths in the stomach. I do believe that it 
is our duty to convince our medical confreres of this situation, but I also believe 
that we would be remiss, if we are dealing with the diffuse type of benign growth 
in the stomach, to treat it solely by subtotal resection. Complete eradication is 
indicated 

Dr. Eowarp S. Jupp, Rochester, Minn.: Our teaching has always been that 
carcinoma of the stomach should be removed adequately with a subtotal resection 
whenever possible. The sharp difference in the mortality statistics between a total 
gastrectomy and a radical subtotal one has been enough to make that teaching 
rather commonplace. You are probably all familiar with the work of Dr. Longmire 


and perhaps not so familiar with the conclusion of Dr. Lahey of Boston that perhaps 


more and more carcinomas, wherever they may lie in the stomach, should be 
treated by total gastrectomy. We must keep in mind that when the carcinoma is 
around the pylorus the end to end anastomosis has no place in many cases. 
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HE PURPOSE of this paper is to report the striking improvement 
which has occurred in the management of acute intestinal obstruc- 
tion in the past five vears and to analyze the responsible factors. The 
material consists of a total group of 205 patients with acute intestinal 


obstruction, of whom 126 were private patients and 79 were charity 


patients seen in the University Hospital. The first group, totaling 80 
patients, was treated between the years 1935 and 1942, with a mortality 
of 20.3 per cent. In the second series of 125 cases, observed between 
1946 and 1949, the mortality was reduced to 8.8 per cent. We believe 
that this striking reduction in the mortality results from a number of 
factors which may be enumerated as follows: (1) earlier diagnosis 
caused by our being obstruction conscious; (2) prompt intubation in all 
cases of obstruction of the small bowel when distention is present; (3) 
utilization of the radiologist as a clinical consultant, both in diagnosis and 
in the prompt accomplishment of intubation; (4) a better understanding 
of the use of fluids, whole blood and antibiotics in preparation and post- 
operative care; (5) better anesthesia, with a wide choice of agents; (6) 
prompt surgical decompression of all acute obstructions of the large 
bowel and the employment of enterostomy when intubation fails in cases 
of obstruction of the small bowel; (7) an appreciation of the fact that 
every case of acute intestinal obstruction must be individualized and 
under the constant supervision of one responsible person 

In this series of 205 cases, mechanical adhesions accounted for 33 
per cent of the cases of acute intestinal obstruction and incarcerated or 
strangulated hernias represented 20 per cent of the group (table 1). 
Eighteen per cent of the obstructions were due to new growths and 14 
per cent to inflammatory lesions. In the remaining cases obstruction was 


due to relatively less common conditions. 
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[It is interesting that in this combined series approximately half of 
the patients were in the age range between 1 and 60 years, while the 
remaining half were very young or elderly (table 2). This age range 
in the University series coincided definitely with that in the private 
series; so one may assume this to be fairly representative of acute 
intestinal obstruction. This age distribution is important from the 
standpoint of treatment since it is in the infant group that there remains 
the greatest field for further improvement in therapy. 

When a diagnosis of intestinal obstruction has been made clinically 
and roentgenographically, a decision must be made as to whether the 


TaB_e 1.—Etiology in a Series of 205 Cases 


1935-1942 1946-1949 Total 
Etiology Cases Cases Cases Percentage 


Mechanical (adhesions) 23 43 66 33 
Hernias (all types) . 17 3 40 20 
New growths... renee : l4 2 35 1s 


_ 


Inflammatory lesions..... : 1 j 27 
Intussusception 

Congenital lesions... 

Volvulus ... 

Foreign body 


Totals... : 126 


(One patient seen on two occasions with obstruction.) 


TasB_eE 2.—Age Incidence 


Age Groups Percentage 


Birth to 1 year : , ; . ; je eahy 3 16 


1 to 60 years ° ° wre teusbousvend 53 
& years and over... . wae aaaes 2 31 


patient will benefit more by immediate operation following fluid replace- 
ment than by a period of intestinal decompression by intubation, with 
subsequent surgical intervention. 

The indications for surgical intervention and the optimum time to 
employ this have been markedly revised in recent years. In this series, 
lysis of an adhesive band and the reduction of hernias were most fre- 
quently demanded in surgical therapy (table 3). Resection of gan- 
grenous bowel was necessary in 14 per cent of the cases. Anastomoses 
without resection were used to short circuit extensive areas of adhesions 
and in 1 case of regional enteritis. The surgical drainage of an intraperi- 
toneal abscess was necessary in 7 per cent of our cases to relieve a 
definite mechanical obstruction. Four ileotomies were performed to 


remove large obstructing gallstones from the lower portion of the ileum. 
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Surgical decompression was carried out in 25 per cent of this series 
of cases. It was practically always necessary in cases of acute obstruc- 
tion of the large bowel in the form of either a cecostomy or a trans- 
verse colostomy. 

A Witzel type ileostomy for decompression of a distended small bowel 
was necessary in 9 patients. Six of these were operated on prior to 
1940, and intestinal intubation was not attempted. The 3 patients 
subjected to ileostomy since the war were all acutely ill, with markedly 


TABLE 3.—Surgical Therapy 


1946-1949 
Surgical Proeedure Cases Percentage 


- 
) 


Surgical decompression 
Lysis of adhesions 25 
Reduction of hernia 18 
Exploration, resection 
Reduction of intussusception 
Drainage of abscess 
Exploration, short circuit 
Exploration 

lleostomy 


Repair of dehiscence 
Totals 


(Two procedures done 
I 


PasLe 4.—/ntubatio 


OS 1042 Serie 1946-1949 Series 


80 Cases 125 Cases 
Cases N Cases 
Gastrie suction (preoperative and postoperative 
Attempted Miller-Abbott suction 
Successful Miller-Abbott decompression 
Attempted Cantor tube suction 


Suceessful Cantor tube decompression 


distended abdomens. Intestinal intubation was unsuccessful in decom- 


pressing 2 of these, and in a third repeated efforts to pass the tube past 


the pylorus were unsuccessful. Prolonged efforts at intubation without 
success in such persons are hazardous and to be condemned. We believe 
that a Witzel type of enterostomy done under local anesthesia through 
a muscle-splitting incision must still be considered a lifesaving procedure 
in certain critically ill patients with distention who cannot be promptly 
intubated. 

In table 4 we have tabulated our experience with intubation in this 
series of 205 cases. It was promptly demonstrated that our percentage 


of successful intubations rose strikingly when we transferred to the 
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radiologic department the responsibility for passing the tube through the 
pylorus and into the duodenum. This demands the availability of 
competent radiologic personnel on call at all times. Under the fluoroscope 
control intubation can usually be accomplished in from three to six 
hours and much valuable time saved in successful intestinal deflation in 
a sick patient. 

Strangulation obstruction has been observed twelve times in the series 
of 125 cases observed between 1946 and 1949. There was clinical and 
iaboratory evidence in each of these cases sufficient to demand prompt 
exploration of the abdomen as soon as shock and dehydration were over- 
come. <A preoperative diagnosis of acute intestinal obstruction was 
made in 9 cases, but a preoperative diagnosis of strangulation was made 
in only 2 cases. In the 3 cases which were not diagnosed correctly 
there was a preoperative diagnosis of acute appendicitis in 2 and of 
massive hemorrhage into a twisted ovarian cyst in the other. There were 
no deaths in this group of 12 patients with strangulation, although 7 of 
the group were over 60 years of age. 


Taste 5.—Mortality in a Series of 205 Cases 


Number of 
Period Deaths Mortality, “ 


1935-1942 die , 19 20.3 
1946-1949... . - 25 11 8.8 


Total Total 30) Average 14.6 


Preoperative shock in varying degree was present in 4 of the 12 


cases. In 2 instances it was necessary to give repeated blood trans- 


fusions before operation to control shock and to administer blood 
simultaneously in both arms during the procedures. These 2 cases 
required resection of + (122 cm.) and 10 feet (305 cm.) of gangrenous 
small bowel respectively. Patients with an extensive area of strangulated 
gangrenous bowel present a major surgical problem, and the mortality 
can be reduced only if the degree of shock is appreciated and the demands 
for blood adequately met. 

lhe mortality in the series of 205 cases is recorded in table 5. The 
over-all mortality for the group was 14.6 per cent, but the striking 
reduction from 20.3 to 8.8 per cent in the two series warrants further 
analysis. 

In table 6 the mortality in relation to the cause of obstruction is 
outlined. There were 66 cases of acute obstruction resulting from 
adhesive bands, and these accounted for 33 per cent of the entire series. 
There were only 3 deaths in this group, a mortality of 4 per cent. The 
greatest strides in the management of acute intestinal obstruction have 
been made in this group. 
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Strangulated hernias were responsible for 12 per cent of the over-all 
mortality, yet they comprised 20 per cent of the series of obstructions. 
The 5 fatal cases were all observed in the University series in the prewar 
group. The fatalities resulted from intestinal perforation with peritonitis 
in 3 cases, mesenteric thrombosis in 1 and postoperative cardiac decom- 
pensation in 1. 

The mortality in the 35 cases with acute colonic obstruction from a 
malignant process was 20 per cent. Six of the 7 deaths were observed 
in the prewar group and were the result of perforation with peritonitis 
in 3 instances, coronary infarction in 1 and postoperative shock in 2. 
The single death since the war resulted from coronary disease in the 
postoperative period. Striking progress has been made in this group 
of patients in spite of their uniform advanced age and poor general 
conditicn. 


TABLE 6.—Analysis of Fatal Cases in Prewar and Postwar Series 


Cases Fatal Cases 
of This - oo - 
Cause of Obstruction Type 1S 1942 1946-1.49 Mortality, % 


Adhesions... ; 3 4 
Hernias...... é 12 
New growths... 3 

Inflammatory 

Intussusception 

Congenital defects 

Volvulus.. 


The mortality in the infant group with acute intestinal obstruction 
was distressingly high. There were 14 infants with congenital defects 
producing acute obstruction, with 5 deaths, a 35 per cent mortality 
In 2 of the fatal cases there was an imperforate anus, both patients 
succumbing with pneumonia seven and fourteen days after surgical treat- 
ment. Two patients had multiple areas of small bowel atresia and 
died from shock in the postoperative period. The fifth fatality involved 
an infant with a large ruptured omphalocele who died of peritonitis 
and intestinal obstruction. 

The most distressing group were the infants with intussusception, in 
which we had a mortality of 37 per cent. Two of the 6 deaths occurred 
in the postwar group, and while the mortality was reduced from 50 to 
25 per cent in the two series, it should be materially lower. Of the 2 
postwar deaths, 1 occurred from shock following prolonged manipulation 
in which the cecum was split, requiring repair. The second death resulted 
from postoperative mesenteric thrombosis with a gangrenous ileum 
following a simple reduction in which the viability of the bowel seemed 
entirely adequate by all accepted criteria. Shock in these small infants 
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is difficult to manage and materially increases the mortality from intestinal 
obstruction in the group. We firmly believe that, when indicated, these 
small patients will stand a promptly executed resection better than pro- 
longed traumatizing manipulation, with its inevitable shock and distress- 
ing mortality. 

The fatal cases have been further recorded according to age groups 
in table 7. In the group of patients under | year of age, the mortality 
rose in the postwar series. It is in this group that one is confronted with 
a wide variety of congenital lesions, and while one’s skill and judgment 
may constantly improve with experience in this type of case, this very 
fact brings for care more critically ill infants in whom surgical inter- 


vention often fails. The mortality in this group will inevitably remain 


high, but as we have learned by bitter experience methods of salvaging 
critically ill patients with irreducible intussusception, constant effort 
will continue to lower the mortality. 

The two groups of patients ranging in age from | to 60 years and 
from 60 years upward show a most encouraging improvement in therapy. 


Tas_e 7.—Analysis of Fatal Cases by Age Group (Series of 203 Cases) 


1988-1942 1946-1949 
Cases Cases 
of 
Obstruc- Fatal Mortal. Obstruc Fatal Mortal 
tion Cases ity, % tion Cases ity, % 


Birth to 1 year 26 19 


| to 6 years 3 20,6 70 


) years and up 2% 7 2 37 


It is in these that the factors enumerated at the beginning of this paper 
have proved their importance, with a reduction in mortality to under 3 
per cent. 
SUMMARY 

\ series of 205 cases of acute intestinal obstruction is reported. The 
mortality in the 1935-1942 group was 20.3 per cent and in the 1946-1949 
group &.8 per cent, an over-all figure of 14.6 per cent. The factors which 
we believe responsible for this appreciable improvement have been 
outlined. Acute intestinal obstruction in infancy remains a highly lethal 
disease. In children, adults and the aged the mortality was reduced to 


2.8 per cent in our recent series. 


DISCUSSION 


Dr. Howarp Gray, Rochester, Minn The picture of a patient who comes 
into the hospital with an acute condition within the abdomen and whose major 
complaints are colicky abdominal pain, distention and vomiting is a familiar one to 
all of us. An awareness of the physiologic changes which take place in such cases 


obviously is of the utmost importance if we are to give to these patients optimum 





McLAUGHLIN-BRUSH—ACUTE INTESTINAL OBSTRUCTION 121 


relief in the minimum of time. Time limits comment to a brief consideration of the 
sequence of events in small bowel obstruction and these are: (1) obstruction which 
may be produced by mechanical, nervous or vascular mechanisms or a combination 
of one or more of these factors; (2) distention which soon develops above the site 
of obstruction and becomes progressive by the accumulation of two agents, fluid 
and gas; (3) a transudation of fluid and chlorides into the intestinal lumen above 
the obstruction which is roughly proportional to the degree of distention and is 
produced primarily by the increase in intraluminal pressures. This outpouring of 
water and chlorides from the circulating blood volume is in some measure detectable 
by laboratory studies which often will show: (a) a drop in blood chlorides, (b) 
a rise in red blood cell count and hemoglobin, (c) an increase in carbon dioxide 
combining—-power of the blood due to the retention of bicarbonate in an attempt to 
compensate for the loss and maintain acid-base balance and (d) a rise in the blood 
urea, probably due to a combination of inadequate excretion by urine and feces, 
retention of metabolites for acid-base balance and protein breakdown due to 
starvation. 

Within a twenty-four hour period the loss of electrolytes may be equivalent 
to the total electrolytes of the plasma, for each liter of fluid poured out into the 
intestinal lumen contains from 5 to 6 Gm. of salt, or about 50 to 80 per cent of 
the total intake. Such a loss from the circulating blood calls out the extracellular 
fluids and electrolytes, and with exhaustion of reserve electrolytes in these fluids 
there comes a diminution of plasma volume. 

Without medical intervention, the process continues still further on the down- 
ward path. An accumulation of excess sodium takes place, since sufficient bicar- 
bonate canot be retained to maintain proper acid-base relationship. This excess 
sodium is excreted through the kidneys, taking with it additional water Jecause 
of this mechanical imbalance, the net oxygen tension of the blood is lowered to 
about 60 per cent of normal, giving the equivalent of a rather severe anoxic anemia 
The reserve of extracellular fluids having been depleted, the intracellular fluids are 
called out, and it is obvious that slight changes in time may result in a fatality 

The tremendously important contribution of Wangensteen in 1931 in the estab 
lishment of the rationale of decompression or suction therapy and the development 
of the long tube by Miller and Abbott in 1934 have revolutionized the treatment 
of intestinal obstruction. One should not forget, however, the lessons learned in 
the presuction period relating to the necessity of early diagnosis and early operation 
Successful decompression cannot always be accomplished, and a false sense of 
security may tend to cause one to overlook the fact that delayed and nonsurgical 
treatment may result in death when subjective and objective symptoms would 
suggest improvement, even in the presence of a gangrenous loop of bowel. 

Dr. CLraupe J. Hunt, Kansas City, Mo.: I was very much interested in this 
presentation by Dr. McLaughlin, and I congratulate him on the low mortality rate 
he had in the last series of cases. I want to call attention to the value of a roent 


genogram in making a diagnosis of small bowel obstruction, in locating the site of 


an obstruction and in differentiating between a simple and a strangulated type of 


obstruction. One must keep in mind that in a flat roentgenogram of the abdomen 
there is normally no gas seen in the small intestine. There is gas in the stomach 
and in the colon. When gas is seen in the small intestines, it is distinctly suggestive 
of an interference with the continuity of the small bowel. The pattern which the 
gas assumes determines in a large measure whether it is a simple or a strangulated 
type of obstruction. The presence or absence of visible valvulae conniventes is an 
important point in the differential diagnosis of a simple or strangulated obstruction 
If they are seen, it is likely that the obstruction is a simple one and that the 
vascularity of the segments of the small bowel is not in jeopardy, but if they are 
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not present, it is probable that it is a strangulated type of obstruction. In cases of 
simple obstruction the intestines, distend proximal to the site of the constriction 
and they assume a pattern transverse to the long axis of the body, i. e., they form, 
as is commonly known, the stairstep arrangement of distention. In this type of 
simple obstruction the valvulae conniventes can be well seen because there has been 
no interference with the venous blood supply of the intestine and there has conse- 
quently been no extravasation of blood into the lumen of the bowel, which is the 
reason valvulae conniventes are not seen in strangulated types of obstruction. 

If there is a strangulated type of obstruction it has been our observation that 
there is no definite pattern formed by the strangulated loop of the bowel, that it 
simply distends itself in whatever segment of the abdomen the obstruction happens 
to occur and that proximal to the site of the strangulation there is slow or retarded 
dilatation of the small bowel. Also, one can be definitely sure ‘that as strangulation 
progresses there is extravasation of blood into the lumen of the strangulated loop 
of bowel. The valvulae conniventes become progressively indistinct and will ulti- 


mately disappear, and the shadow will be much darker, as portrayed on the 


roentgenogram, than the light shadows seen in the simple type of obstruction in 
which the valvulae conniventes are always easily observed. 

In the advanced types of obstruction this is a valuable point in the differential 
diagnosis of simple and strangulated obstruction. The pattern that the two types 
of obstruction assume and the presence or absence of valvulae conniventes are 
distinctive. In cases of early obstruction, either simple or strangulated, the valvulae 
conniventes are still present in a measure, and one cannot say for sure which type 
it is. It takes some time for blood to accumulate in the lumen of the bowel 
sufficiently to obscure them. 

We advocate immediate operation for all types of early obstruction. However, 
there are some instances in which advanced obstruction is present and the abdomen 
is so hugely distended that the patient is neither anatomically nor physiologically 
in condition for immediate surgical intervention. I refer to the advanced simple 
type of obstruction in which the bowels have distended to such an enormous extent 
that if one attempted to open the abdomen they would be uncontrollable and the 
site of the obstruction could not be located. In these instances we have adopted 
the plan of passing the Miller-Abbott tube, deflating the bowel and temporarily 
deferring operation. Our radiologic department has been cooperative in this matter, 
and they have taken over the task of passing the Miller-Abbott tube under fluoro- 
scopic observation. There is no other way that one can determine whether the tube 
is passing through the pylorus into the intestines. If the Miller-Abbott tube is 
passed and the hugely distended intestines deflated in this manner, an anatomically 
inoperable condition is then converted into an operable one. During the period 
of deflation the patient can be prepared physiologically, and later elective surgical 
procedures can be done with little or no danger. We have had little interest in the 
problem of enterostomy, and we believe that it is accompanied with a considerable 
amount of danger from the standpoint of infection and spillage and that it in reality 
drains only a small segment of bowel and is ineffective. 

Dr. CHARLES McCLAuGHLIN Jr., Omaha: There was an additional group of 
approximately 15 per cent of patients who did not require surgical treatment. We 
have included in this series only cases which we felt merited operative intervention. 
I appreciate the comments of both Dr. Gray and Dr. Hunt. Dr. Gray stressed 
again the dangers of prolonged intubation, an opinion with which we concur most 
heartily. We are indebted to Dr. Hunt for first bringing to our attention the great 
importance of using the radiologist as a consultant. We have followed with great 
interest his work and his experience, and we freely admit that we have copied the 


procedure of utilizing the radiologist as an emergency consultant, with great profit. 





MASSIVE RESECTION OF THE SMALL INTESTINE 


Report of a Case 


ELWYN S. SHONYO, M.D., M.S.(Surg.) 
AND 


JAMES A. JACKSON, M.D. 
MADISON, WIS. 


HE TERM “massive” when applied to resections of the small 

intestine has been defined ' as the removal of 6 feet 7 inches (200 
cm.) or more of the intestine. Because of the fact that the human 
intestine has been reported * to vary from about 10 feet (305 cm.) to 
28 feet (853 cm.) depending on race, sex and individual diet, it becomes 
apparent that an estimation of the amount of bowel remaining is of much 
greater importance than a record of the amount removed. Koeberle * 
in 1880 reported perhaps the first massive resection, in which 6 feet 8 
inches (203 cm.) was resected. In 1935 Haymond * reviewed 257 cases 
collected from the literature, and he found that volvulus was the most 
common cause for massive intestinal resection, followed in descending 
order of frequency by strangulated hernia, mesenteric thrombosis, pelvic 
inflammatory disease, mesenteric derangement and abdominal injuries. 
He concluded from this study that any resection involving more than 
50 per cent of the small intestine would lead to poor results, and Sarnoff 
estimated that 80 per cent removal would prove fatal. 

Modern surgical technics combined with chemotherapy and studies 
of fluid balance have made it possible to resect progressively more intes- 
tine during the past decade. Instances of several successful massive 
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resections have been reported,® and in 1 case '* only 14 inches (35.5 cm.) 
of jejunum remained. The problem of maintaining adequate nutrition 
subsequent to operation appears to be the greatest hazard in the pro- 
cedure, and it is the purpose of this paper to present a case of massive 
resection of the bowel in which there remained approximately 3.5 inches 
(8.9 cm.) of proximal jejunum and 1 inch (2.5 cm.) of the terminal end 
of the ileum between the ligament of Treitz and the cecum. 


Fig. 1.—Roentgenogram of the small intestine preoperatively. The constant 
filling defect (arrow) can be seer ir the right side of the abdomen. 


REPORT OF A CASE 


The patient, Mrs. FE. R. aged 41, was first seen by us in collaboration with 
Dr. Hubert Ashman on July 19, 1948. She had had progressive fatigue, shortness 


of breath, pallor and dull nocturnal epigastric pain for approximately six weeks. 


6. Bowen, Wilbur | Massive Resection of Small Intestine, Am. J. Surg 
58: 438-441, 1942. Meyer, H. W Acute Superior Mesenteric Artery Thrombosis, 
Arch. Surg. 53:298-303 (Sept.) 1946. Pate, Julien ( Massive Resection of the 
Small Intestine, J. Internat. Coll. Surgeons 5:323-326, 1942. Prioleau, W. H 
Massive Resection of the Small Intestine, Ann. Surg. 119:372-376, 1944. Cattell. 
Cogswell 
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There had been no evidence of bleeding of loss of weight, and her bowel habits 
had been entirely normal. Physical examination revealed an obese woman of 165 
pounds (75 Kg.) and, except for marked pallor, there was no gross evidence of 
disease. The hemoglobin content of the blood was 5.6 Gm. per hundred cubic 
centimeters. The erythrocytes were hypochromic, variable in size and numbered 
3,100,000 per cubic millimeter. The blood leukocytes numbered 9,000 per cubic 
millimeter. The results of gastric analysis, urinalysis, basal metabolic study, 
serologic tests of the blood, electrocardiographic study and sternal marrow smears 
were all within normal limits. Roentgenograms of the stomach and colon revealed 
no evidence of pathologic changes ; however, a roentgenogram of the small intestine 








Fig. 2.—Photograph of the surgical specimen of small intestine. It measured 


18.5 feet (564 cm.) in length. 


revealed a suspicious filling defect in its middle third. This was confirmed when 
the examination was repeated a few days later. At this time there was the possi- 
bility that a vague mass could be palpated to the right of the umbilicus. 


After five transfusions of whole blood of 500 cc. each, the patient was prepared 
for operation with a high protein low residue diet, supplemental vitamins and oral 
doses of phthalylsulfathiazole. The abdomen was opened on Aug. 18, 1948, through 
a right rectus incision with the patient under spinal anesthesia induced with 15 


mg. of dibucaine hydrochloride, and a well differentiated adenocarcinoma was 
found involving the jejunum with several loops of jejunum and ileum adherent to 
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the mass, which measured approximately 5 cm. in diameter. There was no grossly 


evident metastasis to the regional lymph nodes, liver or parietal peritoneum; how- 
ever, there was a local direct extension of the mass toward the root of the 
mesentery. Wide excision was accomplished, and after evaluation of the remaining 
blood supply an end to end jejunoileostomy was performed leaving only about 4.5 
inches (11.4 cm.) of small intestine between the ligament of Treitz and the cecum. 
The operating time was one hour and twenty-five minutes, and the patient presented 
no difficulties as a result of the procedure. 

Postoperatively the patient received chemotherapy and other supportive measures 
and had constant gastric suction for four days. Oral administration of fluids, 


Roentgenogram of the gastrointestinal tract postoperatively. The dis 
» between the angle at the ligament of Treitz and the cecum measures 4% inches 
cm.) 


consisting of sips of water containing powdered hydrolyzed protein, was then 
started cautiously. The oral intake was increased only as the gastrointestinal tract 
tolerated the volume without resulting diarrhea. It was necessary to maintain 
supplemental parenteral feeding for ten days although the patient was permitted 
to walk on the third postoperative day and she progressed without incidence during 
convalescence. Orange juice and whole milk were eliminated from the diet because, 


as Dixon’ has observed, they tend to create diarrhea in cases in which the bowel 


7. Dixon, ¢ Personal communication to the authors 
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has been disturbed by either a surgical procedure or disease. The patient was 
dismissed from the hospital on the sixteenth postoperative day. By this time she 
tolerated a puréed bland type of diet, fortified with supplemental vitamins, divided 
into four meals daily. 

She was seen at monthly intervals, and although she did not become anemic she 
received 500 cc. of whole blood intravenously on each visit. As she became more 
active she tolerated progressively less water during the day; however, we found 
that she could take most of her daily fluid requirements at night while resting. 
Three months postoperatively cheilosis and mild stomatitis developed, which was 
cured by increasing her daily intake of vitamin B complex. The prothrombin time 
was reported as 80 per cent on this visit. Her weight at this time was 130 pounds 
(59 Kg.), and she tolerated a puréed general diet including moderate amounts of 
cream, butter and small amounts of homogenized whole milk. Ingestion of orange 
juice still resulted in loose stools whenever it was tried. 

In January 1949 (five months postoperatively) the patient lost weight rapidly, 
until she weighed 107 pounds (48.5 Kg.), and a small nodule was palpated in the 
midportion of the abdominal scar. This was excised and was found to be a 1 cm. 
nodule of well differentiated adenocarcinoma. On her dismissal from the hospital 
on the eighth postoperative day her weight was 100 pounds (45 Kg.), and it 
remained at this level during the next few months. In April 1949 (eight months 
postoperatively) several laboratory studies were made in an effort to determine 
what effect the resection had had on the elements of the blood stream. The carbon 
dioxide-combining power, prothrombin time, blood urea, blood cholesterol, serum 
sodium, serum potassium and serum chlorides were all normal. The serum proteins, 
however, measured 4.25 Gm. per hundred cubic centimeters, and the albumin- 
globulin ratio was 1.1: 1. One month later a mass was palpated in the right side 
of the abdomen, and on May 17, 1949, a laparotomy was performed. A mass of 
carcinomatous tissue measuring approximately 6 cm. in diameter was found adherent 
to the posterior parietal peritoneum near the site of the jejunoileostomy. This 
was resected, and the patient received an intensive course of roentgen therapy to 
this region postoperatively. Her weight had decreased to 85 pounds (38 Kg.) by 
the time she was dismissed from the hospital on the ninth postoperative day, and 
it has remained at approximately 90 pounds (41 Kg.) since that time. 

In August 1949, one year after resection of the small intestine, the patient had 
only moderately limited social activities. She ate three to four meals daily and had 
an average of two to three stools daily, the first of which was usually well formed. 
The serum potassium measured 13 mg. per hundred cubic centimeters at this time, 
and the electrocardiogram was normal. Roentgenograms revealed that barium was 
found in the cecum within five minutes after ingestion and that the emptying time 
of the stomach was normal. 

COMMENT 

The major problem in this type of case appears to be one primarily 
of maintaining adequate fluid balance, of which there is little or no 
reserve in the body. Transient diarrheas are prone to follow almost any 
operation in which an anastomosis line is put into the bowel, and when 
a combined procedure is carried out which in itself tends to create 


diarrhea from lack of absorptive surface, the danger of dehydration 
becomes great. Because intractable diarrhea would rapidly deplete body 
fluid, we made intensive effort to prevent diarrhea from starting in our 


case. To this end, constant gastric suction was maintained for four 





| 
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days, and subsequently fluid and food were allowed by mouth with 
caution. Any increase in diet or oral intake of fluid which resulted in 
watery stools was stopped immediately in order that the gastrointestinal 
tract could possibly stabilize itself and not become adjusted to an 
intractable “diarrhea habit.” Daily evaluation of the volume of supple- 
mental parenteral feedings was made, and there was no attempt to cur- 
tail these except when the bowel gradually became more tolerant of oral 
ingestion. 


Fig. 4.—-Remaining part of gastrointestinal tract removed at autopsy. The 
specimen consists of the lower portion of the esophagus, stomach, duodenum, 
remnant of jejunum and colon. Arrows point to the recurrent tumor mass just 
proximal to the ileocecal junction in the remaining short segment of small intestine 
between the stomach and the cecum. 


Several interesting observations were made from the standpoint of 
surgical physiology. We had anticipated that there might be a com- 
pensatory delay in the emptying time of the stomach, as has been 
observed by others,® but this was not the case. In instances of massive 
resection compensatory hypertrophy of the remaining small intestine has 


8. Cogswell.t¢ Sarnoff.5 
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been observed both clinically and experimentally °; however, there was 
no roentgenographic evidence of such,enlargement in this case. Direct 
observation of the intestine will probably be necessary before this factor 
can be evaluated accurately. 

Normally, absorption of both food and water is practically completed 
in the small intestine. The jejunum apparently absorbs mostly water and 
carbohydrate while the ileum absorbs more of the proteids and fatty 
acids. West and others '® conducted extensive metabolic studies in a 
patient in whom all but 3 feet (91.4 cm.) of proximal jejunum had been 
resected in several stages. They found that the patient assimilated car- 
bohydrate very well but that 25 per cent of ingested protein and 45 per 
cent of ingested fat were lost in the stool as proteids and fatty acids. 
Therefore digestion had been adequate, but absorption had been poor. 
Clinically, they found that diarrhea and tetany were major problems. 
The fatty acids in the feces apparently combined with ingested calcium to 
form soap, which led to a negative calcium balance. 

In the patient whom we have followed there has been no evidence of 
tetany ; however, she has received supplemental calcium prophylactically 
during the past four months. She also tolerates such fats as cream and 
butter in moderation, and the blood cholesterol level has been normal. 
Except for a deficit in the albumin fraction of the circulating proteins, 
laboratory and clinical findings indicate that the absorption and utiliza- 
tion of water, digested food elements, vitamins and minerals have not 
been seriously disturbed by this procedure. 


SUMMARY 


Intractable diarrhea, which materially decreases water and food 
assimilation, does not appear to be inevitable in cases of massive resection 
of the bowel. Perhaps when the fluid balance is maintained parenterally 
and the gastrointestinal tract kept at rest until the body accepts the 
anastomosis line as well as the decrease in absorptive capacities, the 
remaining part of the bowel may make such necessary readjustments in 
its physiology as to be compatible with a fairly normal existence for the 
patient. 


A case of successful resection of small intestine is presented in which 
there remains approximately 3.5 inches (8.9 cm.) of the proximal 
portion of the jejunum and 1 inch (2.54 cm.) of the terminal portion. 


9. Flint, J. M.: The Effect of Extensive Resections of the Small Intestine, 
Bull. Johns Hopkins Hosp. 23:127-144, 1912. Haymond.* Sarnoff.5 

10. Todd, W. R.; Ditterbrandt, M.; Montague, J. R., and West, E. S.: Digestion 
and Absorption in a Man with All but Three Feet of Small Intestine Removed 
Surgically, Am. J. Digest. Dis. 7:295-297, 1940. West, E. S.; Montague, J. R., 
and Judy, F. R.: Digestion and Absorption in a Man with Three Feet of Small 
Intestine, Am. J. Digest. Dis. 5:690-692, 1938. 
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The patient has survived the procedure for over one year and has not 
had the usual complications of either diarrhea or severe metabolic dis- 
turbance. 

ADDENDUM 


The patient died on Dec. 26, 1949, after the onset of progressive 
irreversible emaciation. Subsequent to a postmortem examination the 
anatomic diagnosis was (1) partially differentiated adenocarcinoma of 
the small intestine (recurrent) with metastasis to the liver, lungs and 
omental lymph nodes; (2) pulmonary embolization with infarction 
(small) ; (3) subacute bronchiolitis with small abscess formation; (4) 
lower nephron nephrosis, and (5) marked emaciation. 

The remaining portion of the small intestine including the duodenum 
measured 39 cm. (15.3 inches). The remaining short jejunal segment 
was involved in a locally recurrent carcinomatous mass which had 
created an acute angulation of the lumen immediately proximal to the 
ileocecal valve. The pathologist did not report any compensatory hyper- 
trophic changes, either grossly or microscopically, in the rest of the 
gastrointestinal tract (fig. 4). 





SURGICAL DECOMPRESSION OF THE COLON FOR 
MALIGNANT OBSTRUCTION 


Description of Technic 


CLAUDE J. HUNT, M.D. 
KANSAS CITY, MO. 


CUTE obstructicn of the colon is reported not to be common; how- 
ever, my colleagues and I have had a sufficient number of cases to 
form certain opinions and to standardize an effective technic for 
decompression. The frequency of acute colonic obstruction is difficult to 
determine. Estimation of what an acute obstruction of the colon is 
varies considerably. It is sufficient to say that it is a dilatation of the 
colon severe enough to produce abdominal distress and obvious abdominal 
distention. 
In large clinics to which patients are brought from afar the incidence 
is low, while in congested centers it arises materially. The incidence 
as reported by Rankin * was 5 per cent, Gregg and Dixon * 5.5 per cent, 


Rea, Smith and Schwyzer * 15.2 per cent, Campbell * over 30 per cent, 
Burgess * 35.6 per cent, Graham® 16 per cent, Brindley’ 20.6 per 
cent, (190 cases), Dennis * (University of Minnesota, 367 cases) 9.54 per 
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cent and Rosser * 10 per cent (private patients) and 20 per cent (clinic). 
The incidence in our series approaches these figures, there being 12 cases 
of acute obstruction and 8 of moderate obstructions in 100 cases of 
cancer of the colon, in which colostomy was done within two days 


after the patients entered the hospital because of progressive obstruction. 


MORTALITY RATE 
The operative mortality from surgical decompression of the proximal 


distended colon is excessive. Bruusgaard’s*® report of 13 deaths in 
91 collected cases of volvulus is high but not too excessive when it is con- 
sidered that a volvulus often causes devitalization and requires resection. 

srindley reported 7 deaths in 34 cases of acute malignant obstruction, 
a mortality of 20.6 per cent, and Gregg * and Dixon reported a rate of 34.7 
per cent in 121 cases. We had 4 deaths in 15 cases (26.6 per cent) and 
none in 10 others, in which operation was performed by our present 
method using a special colostomy clamp. 


FACTORS CONTRIBUTING TO MORTALITY 

Factors relating to mortality are those pertaining to the patient and 
those concerned with errors in surgical judgment or with faulty technic. 
Those pertaining to the patient are related to age, nutrition and serious 
associated diseases. Age, nutritional changes and many associated dis- 
sases can be often compensated for, except in sudden emergencies, 
when time does not permit appropriate preparation. Errors in judg- 
ment of the surgeon are factors contributing to mortality. They are 
related to failure to regard obstruction of the large bowel as separate 
and distinct from obstruction of the small bowel, delay in decompres- 
sion, inadvisable abdominal exploration and ill advised primary resection. 
Technical errers are related to unnecessary trauma, manipulation, spillage 
and suture of the bowel to the abdominal wall. 


DEVELOPMENT OF OBSTRUCTION 
Obstruction of the colon is insidious in onset and gradual in progres- 
sion unless it is a volvulus of the colon. Therefore, it may progress to 
a marked degree before being suspected, unless one is careful to note 
the history of progressive obstipation and change in bowel habits. Too 
often patients with this condition are treated for constipation or spastic 
colitis or even operated on for appendicitis. 


9. Rosser, C.: Personal communication to the author. 


10. Bruusgaard, C.: Volvulus of the Sigmoid Colon and Its Treatment, Surgery 
22:466-478 (Sept.) 1947. 
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Until acute obstruction actually occurs, often little attempt is made 
to study the patient, although discomfort, altered bowel function and 
passing of blood or mucus by the rectum are present. Usually the 
seriousness of the situation suddenly becomes apparent and constitutes 
the first suggestion of an existing potentially fatal disease. 

Obstructive lesions of the colon are of three kinds: malignant, inflam- 
matory and strangulated. It is no serious mistake to err in the 
immediate differential diagnosis of malignant and inflammatory obstruc- 


tion, but to perform decompression of the colon for volvulus obstruc- 


tion of the sigmOid is fatal. When doubt exists, it is wise to explore the 


sigmoid through an appropriate incision and, if a volvulus is not present, 


to do a right transverse colostomy. 


ROENTGENOLOGIC STUDY 

Roentgen study does not give as much information in cases of 
obstructed colon as in cases of obstruction of the small bowel. It does 
show a distended proximal colon with its characteristic haustral mark- 
ings, but the exact site of the obstruction is often obscure. Localization 
of the lesion can be accomplished by means of a barium enema, if the 
obstruction is complete. The barium is no obstacle to surgical interven 
tion since it can be readily evacuated with the use of an enema. It is 
only when the obstruction is incomplete that subsequent difficulty may 
be encountered after a barium enema. The proximal colon may become 
impacted with dehydrated barium, which may convert an incomplete 
obstruction into a complete one. Barium should never be given by 
mouth in obstruction of either the small or the large bowel. 

Care must be taken to interpret the gaseous distributions and pat- 
terns seen in the intestinal tract. It must be remembered that gas is 
normally seen on a scout roentgenogram in the stomach and colon of 
an adult but is not observed in the small bowel. Gas in the colon may be 
small or large in amount, and a well defined distention of the proximal 
colon with gas must be present before a diagnosis of obstruction can be 
made. When gas is seen in the small bowel, it is suggestive of an inter- 
ference with the continuity of the bowel. The small bowel assumes a 
pattern transverse to the long axis of the body in simple obstruction 
and shows the volvulae conniventes, while a strangulated obstruction of 
the small bowel presents no gaseous pattern and the voivulae con- 
niventes are not seen. 

The pattern assumed by a distended colon is one that conforms.to the 


anatomic position of the colon, and it usually shows the characteristic 
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haustral markings. As the colon becomes more distended, because of 
the closed loop nature of the obstruction, these characteristic haustral 
markings are not so well seen. These are fine points of roentgenologic 
interpretation and are easily detected by a competent radiologist. 

The colon, therefore, becomes progressively distended, and there is 
in reality a double obstruction in which the blood supply soon becomes 
inadequate to maintain bowel viability. The segment of the colon most 
distensible is the cecum, the walls of which become extremely thin and 
ultimately become gangrenous and perforate. This closed loop type of 
colonic obstruction is in part comparable to a strangulated or volvulus 
type of obstruction of the small bowel. It is in reality as much of an 
emergency as strangulation of the small bowel Therefore, surgical 
decompression should not be long deferred, or else gangrene and rupture 
of the cecum will occur. We have observed this twice, and in one instance 
it occurred while abdominal preparation was being made for decom- 
pression of the colon. Cecostomy, however, was immediately carried 
out, and fortunately there was little abdominal soiling and recovery 
occurred. Subsequent resection of the lesion was successfully done. 


SURGICAL PRINCIPLES 


Obstruction of the colon presents a complication which prohibits 
a primary attack on the lesion, which is in contrast to obstruction of the 
small bowel. In the former the problem is to decompress the colon 
and prepare it for subsequent resection of the lesion, while in cases of 
obstruction of the small bowel surgical intervention is directed primarily 
at removal of the lesion. It is not only in cases of acute obstruction that 
decompression is desired; in all cases of chronic obstruction of the left 
side of the colon preliminary decompression of the proximal portion of 
the bowel is indicated. Only on a clean, nonobstructed colon can primary 
resection and anastomosis be safely performed. 


Obstructive lesions of the right side of the colon may be decompressed 
by means of cecostomy with or without ileocolostomy. Tleocolostomy 
is desirable and sufficient when the obstruction is incomplete, fixed and 
inflammatory. Lesions in the left side of the colon are usually annular 
and constricting in character, and at the time of consultation there is a 
variable degree of obstruction and in a few cases complete obstruction. 
Fortunately, most obstructions are not complete but are in part due to 
edema, inflammatory reaction and invaginated mucous membrane. 
With proper surgical decompression and by means of irrigations the 
obstruction may relent sufficiently to permit the colon to empty itself 
partially through the distal segment. This materially aids the thorough 
cleansing of the colon. 
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SITES FOR DECOMPRESSION 

Surgical decompression for distal lesions can be done by means of 
cecostomy or transverse colon colostomy, the latter being preferable 
if the lesion is low in the left side of the colon. However, in cases of 
complete obstruction with extensive distention of the proximal portion 
of the bowel this is not always easy. Often the distended right portion 
of the transverse colon is pushed high under the liver by the enormously 
distended cecum, which displaces everything well toward the midline and 
upward, so that the transverse colon is difficult to approach and deliver. 

The paper thin wall of the bowel will not withstand trauma, and it 
is the mark of wisdom to decompress the colon at the most approachable 
point. This usually is the cecum. The procedure is a lifesaving 
measure, and safety should not be compromised because of efficiency 
of subsequent irrigation of the colon. The left side of the colon can 
be irrigated and cleaned through a cecostomy opening but not as easily 
as through a colostomy opening. 


METHODS OF DECOMPRESSION 


Strauss’ has emphasized the superior value of ileostomy over 
cecostomy or colostomy in instances of obstruction of the colon and has 
insisted that the distended colon can be more quickly deflated by passing 
a colon tube through the ileostomy opening into the cecum. We have 
tried this procedure twice and have found it undesirable. The colon 
cannot be irrigated and cleaned for future surgical procedures. Irritation 
of the skin discredits the procedure. 

We do not favor the Devine colostomy or the loop colostomy for 
acute obstructions when there are lesions present which we hope sub- 
sequently to resect. The Devine colostomy is too time consuming and 
complicated and closure is too difficult. It is not appropriate for a dis- 
tended colon as a temporary decompressing measure. Loop colostomy 
is difficult to do in cases of acute obstruction of the colon; the distended 
bowel cannot be well elevated above the skin level to be supported by a 
glass rod. Decompression by needle before elevation opens an avenue for 
contamination through the site of needle puncture. Manipulation is 
harmful, bleeding may be encountered in the mesentery from passing 


the supporting rod and pressure may cause bleeding or necrosis of the 


11. Strauss, A. A.: Preliminary Ileostomy as an Important Aspect of Colon 
Surgery Based on 30 Years of Clinical Experience, J. Internat. Coll. Surgeons 
11:178-181 (March-April) 1948. 
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bowel. It is not possible in the distended cecum. Insertion of a 
catheter is attended by great danger of spillage. The operation is 
insufficient and offers poor facilities for future irrigation of the bowel. 
We have abandoned both procedures in cases of acute obstruction for 
the one which will now be described. 


ADVOCATED PROCEDURE FOR DECOMPRESSION OF THE COLON 

In instances of acute obstruction of the colon we deflate the distended 
bowel by needle puncture, grasp the deflated bowel at the point of 
needle puncture with a flat, no-tooth, thumb forceps and apply a special 
colostomy clamp to the suspended cone of bowel. We proceed to close 
the abdomen around this protruding segment of colon and then open and 
insert into the colon through the round opening in the clamp a 16 or 


Fig. 1.—4, clamp being applied to suspended cone of cecum after needle defla- 
tion; B, catheter inserted into colon through ring in clamp after abdomen has been 
closed. Extraperitoneal opening of bowel. 


18 F. catheter. This procedure exteriorizes only a small segment of the 
colon but gives an adequate vent for gas to pass through the catheter. 

The clamp can be removed in two to three days after the bowel 
has adhered to the abdominal wall, and irrigations of the bowel may be 
started. This procedure does not completely divert the fecal current, 
and it is advocated only for an acute obstruction due to cancer for 
which resection is subsequently contemplated. 

Figure 1.4 shows the blunt thumb forceps grasping the bowel at 
the site of needle puncture. The clamp with round ring is being applied, 
and a cone of bowel is shown above it. Figure 1 B shows the abdomen 
closed around the clamp with the enclosed bowel and a no. 18 F. catheter 
inserted into the colon through the ring and fixed by one suture through 
the protruding cone of clamped bowel. Figure 2.4 shows the clamp 
in place and the catheter inserted through the opening in the clamp into 
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Fig. 2.—A, clamp with catheter in place through ring in clamp into bowel; 
g I I { 


B, appearance of colostomy stoma six weeks later. Lesion removed in the interim. 
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the bowel. Figure 2B shows the healed operative incision and the 
colostomy stoma retracted flush with the abdominal wall six weeks after 
operation. In figure 3 is seen the small complementary colostomy 
stoma made by the use of the clamp at the time of resection. 

The catheter acts as a vent largely for gas and prevents redisten- 
tion of the bowel. The clamp is removed later, or it sloughs off and the 





Fig. 3.—Small complementary colostomy stoma made by use of clamp at time 
of resection. Stab at side for extraperitoneal drain to hollow sacrum. 


bowel is then irrigated and cleansed. This method is simple, practically 
aseptic and performed without difficulty. 


COMPLEMENTARY DECOMPRESSION 
Complementary cecostomy or colostomy accompanying resection and 
primary anastomosis for a lesion in the left side of the colon or the 
sigmoid is not to be condemned. It is commonly practiced by many 
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capable surgeons. We use the same clamp adapted for insertion of the 
catheter as previously described. It gives a vent for accumulated 
gas and prevents tension on the suture line. The subsequent closure 
of the stoma is a small procedure. Spontaneous closure has occurred. 
The added security is considered well worth the minor inconvenience. 
By this method, there is no large amount of bowel protruding outside 
the abdomen. It is not distasteful as it usually is flush with the abdomen 
or slightly retracted below skin level. 


SUMMARY 


The incidence and mortality of acute obstruction of the colon are dis- 


cussed, and statistics are reported. The comparable relationship of 


obstruction of the colon to strangulated obstruction of the small bowel 
is discussed and the variability of this relationship and the method of 
differentiation presented in detail. The value of barium enema in 
obstruction of the colon and complications are stressed. Sites for 
decompression based on location of the lesion are emphasized, and a 
special technic for decompression is described. 


1612 Professional Building. 


DISCUSSION 


Dr. Howarp D. CocsweLt, Tucson, Ariz.: The tendency in most of these 
reports is to emphasize how much intestine has been removed. I think the 
important feature in these cases, however, is how much intestine has been left 
remaining to carry on the function of absorption and digestion. It is important, 
also, to know which portion of the intestine is left to carry on this function as 
brought out by Dr. Jackson’s and Dr. Shonyo’s paper. After massive resection of 
the bowel, it is of interest to understand how compensation takes place in the 
remaining intestine in order to carry on intestinal function. Flint noted, after 
doing extensive enterectomies on dogs, that the remaining portion of the intestine 
did not grow in length but increased in diameter to twice its previous size. There 
was no regeneration in the crypts or villi, but an increase of 400 per cent in the 
absorbing surface of the intestinal surface was found. Villi are more numerous 
in the duodenum and jejunum, and in these regions the absorption rates are the 
greatest. I think that when reports of these cases are made, and probably there 
will be more now with our methods of giving antibiotics and supportive therapy, 
the portion of the intestine remaining should be stressed because it is the upper 
portion of the intestine which does the greatest amount of digestion and absorption. 

In Dr. Hunt’s presentation he showed one illustration in which there was some 
redness around the cecostomy opening. A household aid, used in the kitchen, which 
corrects this very well is “dreft.” The red, excoriated areas when washed with 
this preparation will rapidly subside and appear normal. 


Dr. Ropert W. Bart ett, St. Louis: Dr. Jackson and Dr. Shonyo have 
indicated that it is surprising that persons with massive intestinal resections can 
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frequently get along with some semblance of physiologic balance. I should like 
to comment briefly on a patient who came under my observation for six weeks 
at the 188th General Hospital in England during 1945. Resection was carried out 
three weeks previously on this patient by H. Willie Meyer, of New York, for a 
superior mesenteric thrombosis, which involved almost the entire superior mesenteric 
circulation. It was necessary to resect the entire small bowel, except for the proximal 
18 inches (45 cm.) of jejunum, and to resect the cecum, ascending colon and right 
half of the transverse colon, after which an anastomosis was carried out between 
the proximal jejunum and the middle of the transverse colon. I assure you that 
it was surprising to see the stomach entirely outlined with barium under the fluoro- 
scope thirty seconds after the patient was given a barium enema. 

During the six weeks when we had the patient under observation, he main- 
tained his nutrition rather satisfactorily with frequent small feedings and he was 
having four or five semisolid stools a day. At the end of this period he returned 
to the United States, and only two months ago Dr. Meyer reported to me that the 
patient was still alive after five years. His present state of nutrition was unknown, 
but I think the important thing is that it was demonstrated that a patient can sur- 
vive for a prolonged period with approximately 12 inches (30.5 cm.) of jejunum. 

Dr. James A. Jackson, Madison, Wis.: From a surgical standpoint this 
case is not of too great importance; however, it does serve to show that it is 
possible for the patient to survive extensive bowel resection. In case of necessity 
one should not hesitate to remove 8, 10 or 12 feet of small bowel. I feel that the 
most interesting aspects of this case are the nutritional and biochemical problems 
arising from such an extensive removal of the small bowel. It is important to 
carry out a careful dietary regimen after this type of operation since the entire 
process of alimentation is seriously altered. Survival of the patient depends to a 
great extent on meticulous dietary management, which was carried out by Dr. 
Shonyo. 

It was also necessary to administer repeated blood transfusions to combat 
anemia. The patient has been coming in regularly once a month to receive 500 
cc. of whole blood and each time experiences considerable improvement in her 
general feeling of well-being. 

The question of the blood supply to the remaining portion of the bowel is an 
interesting one, and someone might well raise the question, “How is it possible 
to ligate the superior mesenteric artery and still preserve the ileocecal valve, the 
ascending colon and the hepatic flexure?” I believe that in this case there was 


an accessory vessel arising directly from the aorta. This happens not infrequently, 


as you will see from study of anatomic specimens. Saving the ileocecal valve 
had an important bearing from a nutritional standpoint in this case. It undoubtedly 
slowed up the passage of the liquid bowel content, thus keeping the patient from 
becoming too dehydrated. 

I have been able to find only 2 cases of such extensive resection of the small 
bowel in the literature. One was done by Dr. Willie Meyer on a wounded soldier 
during World War II. Eighteen feet (548 cm.) of bowel was removed, and the 


patient lived. The other case was recorded by a German surgeon many years ago. 


Eighteen feet of bowel was removed, but the patient died shortly after the operation. 


Since this paper was presented, I have found reference in the November 1949 
papers of the American Association for the Surgery of Trauma to 2 cases of exten- 
sive resection of the small intestine described by Drs. Weckesser, Chinn, Scott and 
Price. In the first case 24 to 30 inches (61 to 76 cm.) of small bowel remained 
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and the patient lived eight months and twenty-five days. The second patient, with 
regional ileitis, had all but 29 inches (73 cm.) of the small bowel removed and 
lived approximately nine months. 

Dr. Wituis D. Gatcu, Indianapolis: I shall confine my remarks to a discus- 
sion of Dr. Hunt's paper. In general, cancers of the colon are of two kinds: those 
in which there is obstruction and those in which there is no obstruction. Those 
with no obstruction can be resected safely after the bowel has been sterilized by 
chemotherapy. I am considering here the second type. The cause of death from 
bowel obstruction varies according to the level of the obstruction, and I believe 
that there is abundant evidence for the belief that the cause of death in obstruc- 
tion of the large bowel is always perforation of the bowel. It is important, and 
I believe not generally recognized by surgeons, that this perforation produces one 
of the most striking clinical pictures in medicine. 

The patient who may not have vomited or may not have been apparently very 
ill for a while is suddenly seized by an agonizing pain. Several patients whom I 
have seen have cried out so loud that they could be heard all over the hospital. 
The patient then rapidly goes into a state of collapse, with a rapid pulse, and within 
an hour or so he becomes a startling plum color. There is a striking hemoconcen- 
tration, with a red blood cell count at that time of 7,000,000 or 8,000,000. The 
same picture is presented as that seen when there is a burn of the entire body. 
When the colon ruptures, a bowel movement into the peritoneal cavity occurs, 
and since the total area of peritoneum is about the same as that of the skin, the 
loss of fluid into the peritoneal tissues is enormous. 

If a patient has these symptoms, it is obvious that nothing should be done at 
all; the condition is hopeless, and you should let nature take its course. 

Dr. Hunt's contribution is to the treatment of patients who are threatened by 
this accident of perforation of the bowel. In these patients the bowel is paper 
thin, and we all know what a nerve-wracking procedure it is to pull up the bowel 


and put a tube into it. Dr. Hunt has made a distinct technical contribution to 


the management of these patients. I invariably perform the decompression on 
the cecum, and have been able in all cases to empty the bowel by this means. 

Dr. CLlaupE Hunt: We have on numerous occasions resected large segments 
of the small bowel because of gangrenous involvements or because of the extensive 
massive adhesions. We have in these instances not encountered subsequently 
any serious nutritional disabilities. We have never, however, performed a resec- 
tion of a segment of the small intestine as extensive as the one described by Dr. 
Jackson. I refer to a rather recent case in which we resected nearly all of the 
small intestine. It involved an 89 year old patient who had been suddenly seized 
with pain in the abdomen, and on roentgen examination, as will be shown in this 
slide, there was a distinct dilatation of the colon and the small intestine. The 
intestines were arranging themselves in such a manner that one might think 
that it was an obstruction of the colon with an incompetent ileocecal valve. How- 
ever, the history and the onset of pain, which was continuous, made one suspect that 
there was an infarct of the superior mesenteric artery, and exploration was done 
by Dr. Cummins, a member of our group. 

On exploration a large segment of the small intestine was devitalized. In 
fact, nearly all the small intestine apparently was involved. Resection was carried 
out, and union was made by an end to end anastomosis. The patient made an 


uninterrupted recovery. At the conclusion of the operation it seemed as though 
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there was a tittle more intestine in the distal segment than in the upper segment. 
The removed specimen was put in formaldehyde, and almost twenty-four hours 
later, after having shrunk a great deal, it measured about 1014 feet (320 cm.). 

This patient got along satisfactorily for a number of months. His nutrition 
was not impaired, and he seemed to be doing well, even though he had only a 
short strip of small intestine left. He subsequently died from a lung infection, 
and at autopsy it was found that he had 11% inches (29 cm.) of jejunum and 22 
inches (56 cm.) of ileum, a total of 33% inches (85 cm.) of small intestine. 

It is obvious, therefore, that large amounts of small intestine can be removed 
without serious nutritional changes. Others have reported similar extensive 
resections, with the patients maintaining adequate nutritional values. 





LOW END TO SIDE RECTOSIGMOIDAL ANASTOMOSIS 


Description of Technic 


JOEL W. BAKER, M.D. 
SEATTLE 


WISH to describe a modified technic for the low anterior recto- 

sigmoid anastomosis which, although original, has probably been 
used at times by some of this audience yet to my knowledge has not 
been formally presented or published. The advantages that the side to 
end anastomosis offer at this level over the end to end anastomosis are 
(1) greater technical ease, (2) a more secure anastomosis and (3) 
a larger anastomotic lumen. These advantages are considered suf- 
ficiently convincing to justify their presentation for discussion. 


INTRODUCTORY COMMENT 


It is not within the scope of this treatise to defend in principle the 
substitution of the low anastomosis (with preservation of normal anal 
function) for the Miles combined resection requiring colostomy. The 
answer to this controversial question may not have been easy for some 
to apply in individual cases. My views in this controversy have been 


published.t_ For restoration of continuity, certain precepts must be 
satisfied, a review of which is not appropriate in this technical presen- 
tation. 


Regardless of one’s convictions of the adequacy or inadequacy of 
resection with low anastomosis, there should be one common ground in 
which all find a place for the low anastomosis. That is in the low 
sigmoidal or rectosigmoidal lesions with distant irresectable metastasis 
—in other words, in cases in which a frankly palliative resection is to 
be carried out. Certainly in these cases the preservation of normal anal 
function is justified and desirable. The technic about to be described is 
of advantage for patients with either type of lesion. 


TECHNIC 


The modified procedure to be described occurred to my colleagues 
and me in resecting a prolapsing carcinoma of the lower pelvic sigmoid 
in which we found an unusually large rectal.ampulla below the growth 


From the Department of Surgery of the Mason Clinic. 

Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa- 
tion, Santa Barbara, Calif., Nov. 30, 1949. 

1. Baker, J. W.: Controversial Trends in Cancer of Lower Sigmoid and 
Rectum, Bull. Mason Clin. 1:83-92 (Sept.) 1947; Surgery of the Pelvic Colon and 
Rectum, Surg., Gynec. & Obst. 79:92-102 (July) 1944. 
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and a long ribbon-like small sigmoid above. Because of the discrepancy 
in the size of the two ends to be joined, an anastomosis between the end 
of the rectal ampulla and the side of the sigmoid was resorted to. This 
procedure, so often applied after resection of the right side of the colon, 
proved to add so much to the ease and simplicity of the anastomosis 
that we began to employ it in the majority of cases in which low anas- 
tomosis was to be performed. Over the past two years we have 
gradually evolved the following step procedure that has facilitated the 
operation in our hands. 


TECHNICAL PROCEDURE BY STEPS 


A lower paramedian incision is made extending to the left of the 
umbilicus. Exploration of the abdomen is completed, with careful search 
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Fig. 1—Operative field. 


for regional lymphatic and distant or blood-borne metastasis. The 
patient is then placed in the Trendelenburg position and the pelvis 
isolated by quarantine packs. The wound edges are similarly protected 
by quarantine packs and held by a retaining retractor. The surgeon 
stands on the left side of the patient to permit more efficient use of his 
right hand (fig. 1). 

The right and then the left leaf of the peritoneum covering the 
sigmoidal mesentery is divided midway between the edge of the bowel 
and the pelvic brim. This dissection is started above the sacral 
promontory and is avascular. The two lines of dissection meet anteriorly 
at a level 4 cm. below the legion. The ureters which cling to the lateral 
peritoneum are identified and freed gently to permit adequate lateral 


resection (fig. 2). 
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The presacral space is then dissected free from the promontory of the 


sacrum forward to the level of the coccyx and levator muscles and 














Fig. 2.—Division of the right and the left leaf of the peritoneum covering the 
sigmoidal mesentery. 








Fig. 3.—Sharp and blunt dissection of the presacral space. 


carried laterally to the ureters and iliac vessels. This line of dissection 
is avascular and is best started by sharp dissection and completed by 


blunt dissection with the gloved hand. A cotton glove placed over the 
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rubber-gloved hand or a gauze sponge will facilitate this dissection. It 
should sweep all tissues down to the periosteum of the sacrum and 
include the presacral nerve plexus and midsacral vessels. By this time, 
the lesion, which has been deep in the pelvis, can be elevated into the 
wound (fig. 3). 

The mesenteric vessels, including the superior hemorrhoidal at its 
origin, are divided at a level well above the highest demonstrable lymph 
node involvement (fig. 4). 

If the lesion by now is adjudged suitable for anterior resection, a 
site is selected at least 4 cm. below the lowermost level of the growth, 
and at this point the lateral stalks of the rectum including the middle 
hemorrhoidal vessels are ligated between clamps. The posterior surface 











Fig. 4.—Division of the mesenteric vessels. 


of the ampullary wall at this level is also freed of mesenteric structures, 
leaving the entire circumference bared for the accurate placement of 
sutures (fig. 5). 

The Harvey Stone or other clamp with similar detachable blade that 
can be applied perpendicularly low in the pelvis is then placed across the 
rectal ampulla just 1 cm. above the level selected for anastomosis. It 
is wise to place the handle of this clamp on the right hand side. This 
permits the first assistant at the next step to rotate the clamp in rhythm 
with the surgeon’s sutures. A second similar blade is then placed across 
the intestine, 1 cm. proximal to the first, and the rectum is divided 
with the cautery close to the proximal clamp, a cuff being thereby left 
above the distal clamp (fig. 6). 
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The proximal level of transection of the sigmoid previously deter- 
mined is cleaned carefully around its circumference of all fatty tissue 


























Fig. 6.—Application of clamps. 


and mesentery. This level is determined by the demonstrated blood 
supply after adequate resection of the involved mesentery. A three- 
bladed Martel clamp is placed across the bowel at this site, the middle 
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blade is subsequently removed and the bowel is divided with the cautery 
between the two remaining blades, the cautery being carried close to 
the most proximal clamp. The specimen is thereby removed. 


























Fig. 8—Closed end of sigmoid Jaid across presacral space behind rectal 
stump. 


The end of the proximal portion of the sigmoid is closed aseptically 
with a mattress suture placed just proximal to the Martel blade, the 
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blade being held in the surgeon’s left hand as he places a mattress suture 

“with his right. After this suture is completed, the clamp blade is 
removed, the crushed redundant portion is trimmed off with scissors 
and this row of sutures is inverted by a second row of 0000 running 
chromic sutures (fig. 7). 

The end of the bowel, after removal of the blade, is steadied by two 
silk guy sutures and the closure of the stump completed by a third row 
of interrupted silk seromuscular sutures. 

The closed end of the sigmoid, unencumbered by clamps, is then laid 
across the presacral space behind the rectal stump. Meanwhile, the pre- 
sacral space has been protected by quarantine pack. The posterior row 
of interrupted mattress seromuscular sutures are now taken along the 
longitudinal band of sigmoid and the posterior surface of the rectal 
ampulla. These stitches are held rather than cut by the first assistant, 
as this permits better control at the next step and also is less time con- 
suming (fig. 8). 

As a substitute for this step in an extremely low anastomosis or 
when there is a narrow pelvis, more flexibility may be achieved by 
substituting five or six broad-jawed Adair clamps for the Stone clamp. 
The sigmoid is then opened along its longitudinal band as the first 
assistant steadies the colon with the silk sutures under slight tension 
(fig. 9). 

The Stone or Adair clamp is then removed and the rectal end opened 
by trimming away the crushed edge. Except for the silk suture on 
either end which is used as a guy suture, the remainder of the silk is 
now cut and a running 0000 mucosal suture is placed. (A two layer 
closure with interrupted silk may be preferred.) (Fig. 10.) 

On the anterior side of the anastomosis a second seromuscular run- 
ning layer is taken with 0000 chromic sutures, or this may be omitted in 
favor of the two layer interrupted silk sutures (fig. 11). 

The anastomosis is rotated forward and the posterior cuff of rectal 
mesentery is approximated along the length of the sigmoidal anastomosis 
with a few interrupted silk sutures to reenforce the anastomosis and 
obliterate dead space. The posterior side of the anastomosis, unprotected 
by serosa, is the more likely site of leakage. This step therefore lends 
a firmer background for healing and protection. Similar stitches in 


the end to end anastomosis would involve the sigmoidal mesentery 


and be hazardous of strangulating its terminal blood supply (fig. 12). 
The anterior flap of peritoneum, which has been freed from the 
uterosacral arch in the female or from beneath the bladder in the male, 
is tacked across the anterior row of the anastomosis. It is to be noted 
that this suture takes a bite of rectal wall as well as sigmoidal wall and 
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thereby serves to supply the serosal layer which is otherwise missing 
from the rertal side of the anastomosis (fig. 12). ; 














Fig. 9.—Alternate method. 

















Fig. 10—Clamps removed and rectal end opened. 


The presacral pack is now removed along with the packs which 
have quarantined the abdominal wound edges. Gloves and instruments 
are changed, the field is cleansed with saline irrigation and a layer of 
gelfoam® is insinuated into the presacral space to obliterate dead space 
(fig. 13). 
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The stump end of the sigmoid is tacked to the under surface of the 
right lateral peritoneal flap close to the pelvic brim to prevent it from 
prolapsing through the large anastomotic lumen. The greater omentum 














— 





Fig. 11.—Second seromuscular running layer of chromic sutures on anterior side 
of anastomosis. 


¢ 











Fig. 12.—Peritoneal reenforcement of rectum anteriorly; reenforcement with 
mesentery posteriorly. 


is brought down to protect the small bowel from the suture line, and the 


abdominal incision is closed in layers without drains. We close the 
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peritoneum and posterior sheath with a row of running 0 chromic 
sutures and the anterior rectus sheath and skin with a vertical figure- 





























Fig. 14.—Stump end of sigmoid tacked to under surface of right lateral peritoneal 
flap. 


of-8 mattress suture of steel, exteriorized and tied over two rolls of 
gauze.? No drains are used (fig. 14). 

2. See the Bulletin of the Mason Clinic, December 1947, for details of technic 
of abdominal closure 
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It is to be noted that we have not found it necessary to do a con- 
comitant cecostomy or colostomy. However, a primary anastomosis is 
not performed on an obstructed edematous bowel. When such conditions 
prevail, a first stage decompression cecostomy or a defunctioning colos- 
tomy is performed and resection deferred until later. 


PERSONAL EXPERIENCE 
Of 211 resections of the pelvic sigmoid and rectum, 90 have been 
accomplished with restoration of bowel continuity by low anastomosis 
and the remainder with the Miles combined resection and colostomy 
(table). We first employed the end to side technic at this level two 
years ago, and since that time it has been used in 28 low anterior resec- 
tions. In this same period the conventional end to end anastomosis 


Summary of Personal Experience with Resections of Rectum and Low 
Pelvic Colon 


Procedure ases Deaths 
Miles combined resection 
“Pull through” 
Low anastomosis 
End to end. 


End to side 


Totals .... P 6 (2.8%) 


* Six postoperative fistulas. 


was still preferred in some instances in which the ends to be joined were 
similar in size or when ample room in a large pelvis made the modification 
unnecessary. 

The first 9 resections in which restoration of continuity was accom- 
plished were frankly palliative, and in these there were 3 postoperative 
fistulas. By contrast there have been only 3 fistulas in the 81 cases since. 
We attribute this improvement in part to the fact that in the early cases 
all the lesions were advanced but in larger measure to refinements in 
technic accomplished through increased experience. In none was the 
fistula a serious complication, and in each it responded promptly to 
intestinal antibiotics. All these fistulas followed the end to end technic 
and none the end to side method. 

There have been 6 deaths in the 211 cases, or a mortality of 2.8 per 
cent. One followed the combined resection, and 5 followed anastomosis. 
It seems interesting that despite the fact that we have not routinely used 
antibiotic drugs not a single death was due to infection. Autopsy was 


done in each instance, and in 4 deaths was due to vascular accident, in 1 
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to general debility after a palliative resection in which the liver was 
largely replaced by carcinoma and in the last to mismatched blood, the 
fourth instance recorded in our city blood bank in 87,000 transfusions. 
The fact that the last 2 deaths followed the end to side anastomosis and 
that 3 vascular deaths followed the end to end technic and 1 vascular 
death the combined resection would, in our opinion, attest nothing in 
regard to the methods. 








Fig. 15.—Postoperative roentgenogram demonstrating large anastomotic lumen 
accomplished by the end to side anastomosis. 


In all the 28 resections in which end to side anastomosis was per- 
formed there were large anastomotic openings, as demonstrated by post- 
operative roentgenograms (fig. 15) and by sigmoidoscopic examination. 
While only one of the end to end anastomosis resulted in stricture, and 
this was fortunately sufficiently low to allow dilatation by digital 
measures, others showed a more reduced lumen than that which follows 
the improved method. Also (fig. 16) we have been forced to resect two 
anastomotic strictures in patients treated elsewhere by the end to end 
method. 
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I do not have the number of such resections made by Dr. Caleb 
Stone, who has a parallel general surgical division in the Mason Clinic, 
but, when confronted with the necessity of a low anastomosis, he has 
within the past year adopted this technic and has been impressed by its 
advantages. 





Fig. 16.—Postoperative roentgenogram demonstrating a strictured anastomotic 
lumen which occasionally follows the end to end anastomosis. 


ADVANTAGES OF THE METHOD 


1. The chief advantage of the described technic is one of function. 


It permits an anastomotic lumen as large as the diameter of the ampulla 
rather than restricting it to the size of the diameter of the sigmoid. 
When the sigmoid is small—a condition which often prevails in smaller 
lesions without obstruction selected for low anastomosis—this becomes 
important in reducing the incidence of delayed stricture. While delayed 
stricture after resection by experienced surgeons is not frequently so 
severe as to require a secondary operation, nevertheless if one is accus- 
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tomed to giving the patients a sigmoidoscopic examination postopera- 
tively, one cannot but be impressed by the small diameter of the anasto- 
motic ring in a fair number in whom the end to end anastomosis has 
been performed. At a level where the stool is solid, this can prove an 
objectionable feature. By contrast, after the side to end anastomosis 
the lumen is large and permits easy passage of the sigmoidoscope. 


The functional size of an anastomosis depends on the diameter at the 
anastomosis of the efferent member to the opening, i. e., the one toward 
which peristalsis is conducting the food stream. Thus, in performing 
gastrojejunostomy there is no mechanical advantage to making the open- 
ing larger than the diameter of the efferent jejunal loop. In contrast, 
in the low rectosigmoidal anastomosis, there is a distinct advantage in 
accomplishing an opening as large as the diameter of the distal ampulla 
into which peristalsis is to convey the fecal stream. 

2. By this method it is possible more accurately to reenforce the 
vulnerable posterior wall of the anastomosis without hazard to the termi- 
nal blood supply of the sigmoid. This should accomplish a more secure 
anastomosis (fig. 12). 

3. The third advantage is one of technical ease. By closure of the 
proximal sigmoid stump, the sigmoid can be laid alongside the rectal 
stump without having the field hampered by additional clamps on the 
proximal intestine (fig. 8). For the same reason, this flexibility permits 
anastomosis at a lower level in a small pelvis. The posterior row of silk 
sutures is more easily and more accurately placed. One seems to have 
better control over local contamination as the open anastomosis is made, 
and in general the operative field has seemed more orderly than that in 
the end to end anastomosis. 


DISCUSSION 

Dr. Witt1am Patron Fite, Muskogee, Okla.: Some months ago I had the 
privilege of visiting Dr. Baker in his home, and I saw his original drawings and 
discussed with him at some length this operative procedure. 

There are two things in this procedure, aside from continuity of the bowel, 
that appeal to me. One is the fact that it is done practically extraperitoneally 
after anastomosis is made, and the other is that it is a side to end anastomosis, so 
that better circulation to the end of the bowel is maintained. 

I am sure that all of you who do intestinal surgery have had trouble with end to 
end anastomosis, particularly with the large intestine, and have had to reoperate 
sometimes and resect a segment that had become gangrenous. I had this experi- 
ence with a simple loop colostomy. 

I congratulate Dr. Baker on this additional operative procedure, and I shall 
try to use it the first opportunity I have. 

Dr. Epwarp S. Jupp, Rochester, Minn.: Anyone interested in this type of 
surgery certainly encounters an occasional case in which, after the lesion has been 
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mobilized sufficiently, he finds that it actually is located much farther from the 
anal margin than he had anticipated. This has been brought about by prolapse or 
intussusception of the growth. The surgeon is confronted with marked disparity 
between the lumens of the two loops, as Dr. Baker has mentioned. 

In the past, there have been numerous makeshifts, with attempts to make the 
two lumens more nearly equal. These include division of the proximal segment on 
a marked slant or incision of both sides of the bowel, which indeed results in a 
rather dog-eared appearance. I think the suggestion which Dr. Baker has just 
made certainly warrants wider usage. However, he is wise in defining his position 
clearly. He has not drawn us into the controversy that still rages concerning 
whether the low anterior resection can actually compete with the Miles operation 
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ECKEL’S diverticulum presents an interesting problem to the 

surgeon because of the infrequency of its correct preoperative 
diagnosis as the cause of certain acute abdominal emergencies. During 
the last two decades surgeons have become increasingly alert to its pres- 
ence and possible complications. In order to study our own experience 
with this anomaly we have reviewed 103 cases of proved Meckel’s 
diverticulum observed at the Henry Ford Hospital between the years 
1918 and 1948 inclusive. 

As early as 1598 Hildamus first described the diverticulum of the 
small intestine which we now associate with the name of Meckel. Four 
others, Lavater in 1671, Ruysh in 1707, Littré in 1742 and Morgagni 
in 1769, described this before Meckel in 1815 discussed the embryologic 
development, anatomy, histology and pathology of this congenital 
anomaly. 

In the eighth week of gestation, the fetus is approximately 7 mm. in 
length. The extracelomic gut is withdrawing into the abdominal cavity 
as the walls of the abdomen develop to make room for it. The omphalo- 
mesenteric duct is in the process of closure at this time, isolating the 
newly formed gut from the allantois. Failure of complete closure of the 
omphalomesenteric duct gives rise to a diverticulum, fistula, cyst or 
fibrous cord which may remain between the umbilicus and the portion 
of the ileum immediately above the ileocecal valve. These remnants have 
been named by various authors ductus omphalomesentericus, anus prae- 
ternaturalis, enterocystoma or umbilical polyp. 

Three criteria are usually accepted for certain identification of 
Meckel’s diverticulum: (1) the diverticulum should lie on the anti- 
mesenteric border of the ileum, proximal to the ileocecal valve; (2) a 


Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa- 
tion, Santa Barbara, Calif., Dec. 1, 1949. 
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separate blood supply should exist in the form of a mesenteriolum; (3) 
the diverticulum should show all the layers of the small intestine. 

Some workers * have expressed the opinion that a diverticulum may 
arise from a position closer to the mesentery than the antimesenteric 
border and still be a remnant of the omphalomesenteric duct. For the 
purpose of our study, only those cases are used which fulfil all three of 
the criteria mentioned. 

During the years 1918 to 1948, inclusive, 103 proved cases of 
Meckel’s diverticulum have been indexed. Fifty-five cases were demon- 
strated at operation; 48 were found or proved at autopsy. 

A review of the literature reveals that the incidence of Meckel’s 
diverticulum at autopsy varies between 1 and 2 per cent.*, Among 4,200 
consecutive autopsies performed at this clinic, 48 such diverticula were 
found, an incidence of slightly more than 1 per cent. A predominance in 
males has generally been reported, the ratios varying between 2:1 and 
9:1. Our own experience is that of 71 males compared with 32 females, 
a ratio of about 2: 1. 

Analysis of our series on the basis of both age and pathologic diag- 
nosis reveals that 12 of the 19 acute cases involved patients in the first 
decade of life and that only 4 were over 30 years of age. Our youngest 
patient was 8 weeks and underwent surgical treatment at the age of 14 
weeks during an attack of acute diverticulitis. Two other patients were 


under 6 months of age at the time of operation. These findings are in 
concurrence with those of Matt and Timpone,”* who noted that over 
90 per cent of the patients with Meckel’s diverticulitis were under 30 
years of age (fig. 1). 


In our experience, the majority of diverticula (71 per cent) are 
between 1 and 5 cm. in length. One in five is between 6 and 25 cm., and 
only one specimen was greater than 25 cm. The longest specimen 
recorded in the literature is that in the case described by Chaffin,’ who 
reported an 8 year old girl in whom the diverticulum was 95 cm. in 
length and appeared at first glance to be a reduplication of the bowel 
(fig. 2). 


1. Abt, I. A., and Strauss, A. A.: Meckel’s Diverticulum as Cause of Intestinal 
Hemorrhage, J. A. M. A. 87:991-996 (Sept. 25) 1926. 

2. (a) Haber, J. J.: Meckel’s Diverticulum; a Review of Literature and 
Analytical Study of 23 Cases with Particular Emphasis on Bowel Obstruction, 
Am. J. Surg. 73:468-485 (April) 1947. (b) Kaufmann, E.: Lehrbuch der spe- 
ziellen pathologischen Anatomie fiir Studierende und Artte, ed. 9-10, Berlin, W. de 
Gruyter & Co., 1931. (c) Watt, J. G., and Timpone, P. J.: Peptic Ulcer of 
Meckel’s Diverticulum; Case Report and Review of Literature, Am. J. Surg. 47: 
612-623 (March) 1940. 


3. Chaffin, L.: Surgical Emergencies During Childhood Caused by Meckel’s 
Diverticulum, Ann. Surg. 113:47-56 (Jan.) 1941. 








169 ARCHIVES OF SURGERY 


The same features which are at work to produce Meckel’s diverticulum 
by blocking the recession of the omphalomesenteric duct may influence 
the formation of the tissue into acid-producing gastric mucosa. Develop- 
ment may progress even to the formation of aberrant pancreatic tissue. 

Examination of the diverticula removed in the acute and chronic 


cases in our series showed a large number to have a gastric type of 
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Fig. 1.—Age distribution in fifty-five operative cases 
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Fig. 2.—Size of diverticula. Per cent found of given size. 


mucosa (62 per cent of the specimens). By comparison, the incidence of 
gastric mucosa among ‘the diverticula which were removed incidentally 
at operation for other conditions was 22 per cent. The autopsy speci- 
mens showed this differentiation in only 17 per cent (fig. 3). 

It 1s now generally accepted that peptic ulceration is found mostly at 
the edge of the heterotopic mucosa and is associated with the secretory 
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function of that area.‘ Pancreatic tissue was found in three of our speci- 
mens, one showing well developed islands of Langerhans. 

The conclusion seems justified that Meckel’s diverticula which 
contain a gastric type of mucosa are likely to give symptoms which lead 
to operation, whereas those which do not show heterotopic mucosa will 
be found at autopsy or incidentally at operation for other disease. 

The position of Meckel’s diverticulum varies considerably. Let us 
suppose that a surgeon makes a McBurney incision in a patient with 
symptoms of acute appendicitis and finds a normal appendix. How much 
ileum should he inspect in order to discover or rule out the presence of 
Meckel’s diverticulum? The usual answer is that a diverticulum will lie 
within 36 to 40 inches (91 to 101 cm.) of the ileocecal valve. Our experi- 
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Fig. 3.—Incidence of diverticula with a gastric type of mucosa. 


ence indicates that only 4 per cent of such diverticula lie within the ter- 
minal 6 inches (15 cm.) of the ileum, 28 per cent within the terminal 18 
inches (46 cm.) and 72 per cent within the terminal 36 inches (91 cm.). 
However, 28 per cent lie beyond that point. One of our specimens (re- 
moved at autopsy) was found to be 66 inches (167 cm.) above the 
ileocecal valve. We therefore urge that each surgeon, when searching 
the ileum for the presence of Meckel’s diverticulum, inspect at least the 
terminal 5 feet (152 cm.) of the ileum before closing the incision (fig. 4). 

The patients coming to operation because of acute abdominal signs 
and symptoms will be discussed in some detail because they presented 


4. Curd, H.: Histologic Study of Meckel’s Diverticulum with Special Refer- 
ence to Heterotopic Tissues, Arch. Surg. 323:506-523 (March) 1936. 
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the most interesting and instructive problems. There were 19 such 
patients, 7 adults and 12 children. In none of the 7 adults was Meckel’s 
diverticulum suspected as a causative factor, even though a partially cor- 
rect diagnosis of acute obstruction of the small bowel was made for 3 of 
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Fig. 4.—Position of diverticula. Per cent found within given distance. 
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Fig. Preoperative diagnosis in 19 acute cases 


them. In another 3 adults acute Meckel’s diverticulitis was mistakenly 
diagnosed acute appendicitis. In each the symptoms and physical signs 
were typical of the latter condition (fig. 5). 

Of the 12 children with symptoms of an acute abdominal condition, in 
7 these were correctly diagnosed as being caused by Meckel’s diverticu- 
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lum. In 2, diverticula near the ileocecal juncture were the cause of intus- 
susceptions reaching to the hepatic flexure. In 8 the predominant feature 
was rectal bleeding severe enough to lower the hemoglobin to dangerous 
levels. The grave risk of further massive bleeding led to immediate 
operation supported by transfusion. Six of the 7 children had ulcera- 
tion at the edge of heterotopic mucosa. In 2 the ulcer had perforated as 
well as bled by the time the child came to operation. In 1 of the latter 
ulcer situated opposite the 
area of gastric type mucosa. In 3 children the diagnosis was missed. In 
2 of these acute inflammation of Meckel’s diverticulum simulated typi 
cal acute appendicitis in every respect; in the third the diverticulum was 
found to be the real cau 


the bleeding came from a small “kissing” 


se of a draining umbilicus, previously thought due 
to a patent urachus (table 1). 


In the 8 cases of Meckel’s diverticulum in our series that were found 
at operation to show manifestations of chronic disease, 6 were involved 


rane | ymptoms and Signs Found wt t 1 f Meckel’s Diverticulum 


Symptoms and Signs 
Bleeding 
Nausea 
Vomiting 
Pain. 
ivndet 
Rigidity 
Fever 


Leukocytos 


in scarring with adhesions and stenosis in the area of the diverticulum 


In the 2 other cases the diverticulum was the initiating factor in obstruc 
tion by means of a band of fibrous tissue éxtending from the tip of the 
diverticulum to the navel 


in the adult the conditions to be considered in the differential diag 


nosis of Meckel’s diverticulum should include acute appendicitis, colitis, 


perforated peptic ulcer, diverticulitis of the colon, intussusception, volvu 
lus, diseases of the pelvic viscera, mesenteric thrombosis, acute pan 
creatitis, hernia with obstruction and perforation 


Wilkinson 


children as dysentery, intussusception, purpura hemorrhagica, Henoch 


of the small bowel 
in 1947 listed the conditions in the differential diagnosis for 


Schonlein’s disease, hemophilia, hereditary telangiectasia, intestinal 


polyps and hemangioma. To these we would add acute appendicitis, 


mesenteric adenitis, intussusception, volvulus and acute enteritis 
5. Wilkinson, R. W Massive Hemorrhage from Peptic Ulcer in Meckel’s 


Diverticulum in Female Child of 11 Months, Brit. J. Surg. 34:285-286 \¥ Jan.) 


1947, 
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The diagnosis of Meckel’s diverticulum by roentgen study is difficult. 
Mottram and Garland * collected only 21 cases when they thoroughly 
reviewed the literature in 1945. The diagnostic finding is that of a 
persistent segment of barium which lies at an angle with the rest of the 
ileum and does not show the small bowel pattern.’ This is difficult to 
demonstrate and often requires many serial roentgenograms of the small 
bowel as often as ten minutes apart, After the use of the Ravitch * pro- 
cedure for reducing an intussusception by means of a barium enema 
under direct fluoroscopy, one should at a later date carefully study the 
terminal portion of the ileum to rule out or establish Meckel’s diverticu- 
lum as the cause. 

The surgical treatment of the diverticula in our series varied widely. 
Resection of the bowel was necessary in 13 cases. This procedure was 


TYPE WUMBER OF CASES 


INVERSION 


WOT REMOVED 


BOwEL RESECTION 


Excisitow 


7 POSTOPERATIVE DEATHS 


OWE OVE TO DIVERTICULUM 


Fig. 6—Operations performed for Meckel’s diverticulum 


utilized most frequently on the finding of acute inflammation or of exten- 
sive adhesions with obstruction of the small bowel. It was possible to 
employ simple excision in thirty-six operations. In many of these cases 
(19) the discovery of a diverticulum which was previously symptomless 
was incidental. Simple inversion with purse string suture was practiced 
on two occasions. In 4 incidentally discovered cases the surgeon elected 
to leave a small diverticulum alone except for the release of adhesions 


(fig. 6). 


6. Mottram, M. E., and Garland, L. H.: Meckel’s Diverticulum, Am. J. 
Roentgenol. 53:142-146 (Feb.) 1945. 

7. Rousseau, J. P., and Martin, A. G. M. III: Meckel’s Diverticulum: Pre- 
operative Roentgen Diagnosis, Radiology 40:605-607 (June) 1943. 

8. Ravitch, M. M., and McCune, R. M., Jr.: Reduction of Intussusception by 
3arium Enema, Ann. Surg. 128:904-917 (Nov.) 1948. 
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The inanagement of Meckel’s diverticulum as compared with that of 
tiie appendix is a more complicated procedure and cannot be stand- 
ardized to the same degree. In the case of the appendix, the base is at 
the end of the cecal pouch, and operative inversion or scarring following 
simple ligation does not interfere with the fecal stream. By comparison, 
inversion of Meckel’s diverticulum, which is, so to speak, on the “main 
line,” may result in a narrowed lumen, with the threat of subsequent 
obstruction. Moreover, the inverted diverticulum may contain unde 
tected heterotopic mucosa which may subsequently lead to ulceration 
and bleeding. We do not believe that simple inversion or even inversion 
of an amputated stump is suitable treatment for this anomaly. 

For the type of diverticulum which is incidentally found simple exci- 
sion may be considered. For this we suggest the procedure of Ladd and 
Gross,? namely, application of a Halsted clamp obliquely, with excision 
and closure of the suture line in the same direction. 

In view of the fact that one in five of the specimens found incidentally 
at operation contained a gastric type of mucosa, we feel that all Meckel’s 
diverticula should be removed on discovery. This is especially desirable 
when the appendix has been previously or concurrently removed. A 
surgeon subsequently seeing the patient will be circumspect about enter- 
ing the abdomen for symptoms suggesting appendicitis when the patient 
insists that an appendectomy has been done. 

There were 7 deaths following operation among the 55 cases that 
came to surgery. In 6 of the 7 death was due to procedures for other 
primary surgical conditions. In 1 case Meckel’s diverticulum was 
directly involved in the death of the patient, in whom intestinal obstruc- 
tion had occurred from adhesions with strangulation of the diverticulum. 
Appendectomy, excision of the diverticulum and enterostomy were done. 

There were only two postoperative complications, one abdominal 
abscess and one instance of temporary partial intestinal obstruction. 

A diagnosis of intussusception should always involve suspicion of the 
presence of tumor or Meckel’s diverticulum. One of our patients, a 6 
year old boy, first underwent a surgical procedure at the age of 14 
months for appendicitis. At that time appendectomy was done and an 
ileocecal intussusception of 10 inches (25 cm.) was reduced. The boy 
continued to have episodes of abdominal pain with vomiting. At the age 
of 5 years he was admitted to the hospital with bright bloody stools, a 
mass in the right lower quadrant, nausea and vomiting. The preoperative 
diagnosis of intussusception with Meckel’s diverticulum was confirmed 
at operation, when the intussusception was found to extend to the hepatic 
flexure. Because of the child’s poor condition the surgeon elected to 
forego resection when the bowel appeared to be viable. At this time the 


9. Ladd, W. E., and Gross, R. E.: Abdominal Surgery of Infancy and Child- 
hood, Philadelphia, W. B. Saunders Company, 1941. 
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cecum and lower portion of the ileum were sutured to the anterior ab- 
dominal wall. Six months later the child was readmitted with another 
intussusception which was led by the diverticulum. Resection of 10 cm. 
of the ileum was done, and the child has since been symptom free. A 
rather bizarre case in our series involved a patient who had previously 
received a gunshot wound of the abdomen. At the time of his admission 
for repair of a complete inguinal hernia the patient described palpation 
of the bullet in the hernial contents of the scrotum. At operation the 
bullet was found lodged in the tip of Meckel’s diverticulum. 

In the operative group of 55 patients 6 had undergone a previous 
operation in the general area of the diverticulum, at which resection of 
the diverticulum might reasonably have been accomplished. Half of these 
diverticula were diseased when found, one being involved in a chronic 
obstructive process and the other two the site of acute diverticulitis. 

The usual association and multiplicity of congenital defects is borne 
out by the findings in the 12 children in whom Meckel’s diverticulum was 
Taste 2,—Congenital Anomalies Associated with Meckel’s Diverticulum in 
Children Coming to Autopsy 


Fibrocystic disease of lungs and pancreas. 
Congenital heart defects 
Monster 


Total number of children with other defects 
Children with Meckel’s diverticulum only......... 


Total number of children found at autopsy to have 
Meckel’s diverticulum.......... enpodebsseee 


discovered at autopsy. Eight of these 12 showed other serious congenital 
anomalies, in 6 of which the heart was involved (table 2). 


SUMMARY AND CONCLUSIONS 

One hundred and three cases of Meckel’s diverticulum are analyzed. 
The incidence in the general population is between 1 and 2 per cent. 
\cute disease processes in Meckel’s diverticulum are most likely to occur 
in the younger age group. In children the salient features are rectal 
bleeding, with low blood hemoglobin levels, pain or tenderness, in the 
right lower quadrant and the periumbilical area, nausea and vomiting. 

Seventy-two per cent of the diverticula lie within the terminal 36 
inches (91 cm.) of ileum. However, 28 per cent of the lesions will be 
missed if search of the ileum is not made above this level. 


In the cases of Meckel’s diverticula which produced symptoms, 60 
per cent of the specimens examined contained a gastric type of mucosa. 
In the group which were incidentally found at operation or autopsy only 


22 and 17 per cent, respectively, contained such mucosa 
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When found, Meckel’s diverticulum should be excised or the ileal 
segment resected. 
DISCUSSION 


Dr. ARNOLD JAcKsoN, Madison, Wis.: My associate, Dr. George P. Schwei, 
and I recently reviewed 39 cases of Meckel’s diverticulum observed at the Jackson 
Clinic. The detailed report of these cases appears in the December issue of the 
American Journal of Surgery. Interestingly enough, 22 cases in the series, or 53 
per cent, showed pathologic changes. Contrary to reports in the literature, 11 in 
our series showed inflammatory rather than obstructive changes. Five of these 


were characterized by gastrointestinal hemorrhage, and the preoperative diagnosis 
was correct in 4 of the 5 cases. 

I think it is important in cases of unexplained gastrointestinal hemorrhage that 
we be on the lookout for Meckel’s diverticulum as a possible cause since in all but 
one of our cases the diagnosis had been previously overlooked. It has been my good 
fortune to see 3 of these cases, and it so happens that members of this association 
have done some of the pioneer work on the subject. 

Many of the older members will recall a paper by Dr. Albert Montgomery, 
former president, on the subject of congenital anomalies. The first case of hemor- 
rhage from Meckel’s diverticulum reported in this country was by another member, 
brother Reginald Jackson, another president of the association. I reported the 
second case, and both were published in the Annals of Surgery. It is also interesting 
that this case was the first one in which a correct preoperative diagnosis was made, 
and that by a country physician who happened to have observed both of the cases. 
He telephoned me long distance one day and said, “I think I have a case of 
Meckel’s diverticulum,” and at that time I had never heard of the condition. 

(Slides) The blood in these hemorrhages is not bright red, as from a lesion 
of the rectosigmoid area, nor is it tarry, as from a duodenal ulcer. In the cases 
which I have encountered it has been a maroon color. The next slide shows a case 
of an enterogenous cyst within Meckel’s diverticulum. Enterogenous cysts any- 
where along the gastrointestinal tract are rare. A search of the literature did not 
reveal any similar case. The next slide shows a case of Meckel’s diverticulum that 
contained several enteroliths and was found in a patient operated on by my brother 
James. The last slide shows fatal intestinal obstruction in an infant. Two patients 
in this series died, this 1 day old infant and an elderly man who died on the nine- 
teenth day of peritonitis which was the result of a perforated diverticulum. 

Dr. Eucene A. Osius, Detroit: Our interest in Meckel’s diverticulum was 
rather joltingly aroused by the loss of two children with acute Meckel’s diverticu- 
litis. It surprised us considerably until, in looking up the literature, we received 
some consolation from the fact that the mortality rate in many clinics is exceedingly 
high. Meckel’s diverticulum, because of that fact alone, should merit considerable 
attention and should, in our opinion, always be removed. 

The mortality, and in this series the rate is the lowest that I have seen, was at 
that time (before penicillin) from 14 to as high as 50 and 60 per cent. This fact 
amazed us, and we have learned at the Childrens Hospital in Detroit to be extremely 
respectful of acute Meckel’s diverticulitis. Most of my experience has been with 
the condition as it occurs in children 

I did encounter one interesting case, and I took the liberty of bringing the slide, 
because of its probable rarity. It involved an adult of about 39 years of age, a 
factory worker, who complained of pain in the right groin, which over the period 
of a day became increasingly worse, with gastrointestinal or genitourinary symp- 


toms. The patient presented a small mass in the inguinal ring 
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(Slide) This small mass turned out to be a hernia. When on the sac was 
opened, a small amount of bloody, dark fluid came forth, and what appeared to be 
a gangrenous bit of bowel presented itself. The unusual thing about it was that 
it was too large for just a knuckle of bowel. It had no loop of bowel going back 
again into the intestine. It was fairly movable and gave us considerable trouble 
so far as identifying it definitely was concerned. 

We passed a hemostat alongside the constricted neck, and we then opened up 
the -peritoneum above, and in the upper right hand corner we found Meckel’s 
diverticulum, which protruded through a small ring of hernial sac. The bowel was 
in perfectly good condition above this. It arose from a small pedicle, had a 
mesentery all of its own and a few vessels. It was the sole content of the sac. The 
neck of the diverticulum was so small that we were able to ligate and invert it 
(which ordinarily we do not do), without any impairment of the lumen of the 
bowel. The pathologist concurred in our operative diagnosis. The patient made an 
uneventful recovery. 

Dr. Ropert A. Wise, Portland, Ore.: Meckel’s diverticulum may be the cause 
of gastrointestinal hemorrhage, massive in nature, occurring in an adult. The patient 
that I should like to present briefly was aged 35 and gave a history of several 
attacks of massive hemorrhage from the large bowel over a period of fifteen years 
When we saw him in January 1949, his blood count was 2,000,000 and his hemo- 
globin 45 per cent and he was obviously chronically ill. Two series of gastro- 
intestinal roentgenograms in the past and another on his admission all gave negative 
results. We actually suspected Meckel’s diverticulum in this case and asked for 
a study of the small bowel. That made the diagnosis possible. 

(Slide) This is a five hour roentgenogram after a barium swallow. A pouchlike 
defect in the terminal end of the ileum is visualized. 

(Slide) At operation a large Meckel’s diverticulum was found, containing gastric 
mucosa and a peptic ulcer. Resection of the segment of ileum containing the diver- 
ticulum was performed. There has been no recurrence of intestinal hemorrhage. 

Dr. STANLEY R. MAXEINER, Minneapolis: The patient on whom I wish to 
report also had intestinal obstruction due to Meckel’s diverticulum and is, I think, 
of extreme interest. She was 70 years of age and, when seen by me, had had an 
attack of incomplete obstruction nearly a week previously. Her condition was not 
good. A flat plate of the abdomen showed large dilated loops of bowel, indicating 
intestinal obstruction. There were also several shadows simulating gallstones and 
so diagnosed by the roentgenologist. The fact that these were not gallstones 
demonstrates the importance of finding gas in the biliary tract in order to be sure 
that there is a spontaneous fistula between the biliary tract and the intestine. 

At operation we found extensive ad:esions within the abdominal cavity. The 
bowel was greatly distended and extremely friable and perforated at several points. 
After liberation of a large mass which we could not identify, we decided to do a 
double intestinal resection. The lesion turned out to be Meckel’s diverticulum. 

The pathologist's report is as follows: The one segment of small bowel is 
16 cm. in length, and projecting from this are two structures resembling diverticula. 
One is finger-like, 7 cm. in length and has a thick muscular wall. The other 
diverticulum is an oval pouchlike projection about 5 cm. in length. With 
specimen there are six enteroliths which range from 


this 
1.5 to 2 cm. and another 
enterolith which is 4 cm. in size. These are faceted like gallstones. With the 


enteroliths there are two peach pits which are easily identified as such. Mic roscopic 


examination shows the customary wall of a diverticulum, with structures charac- 


teristic of gastric mucosa. 
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The patient made satisfactory recovery. The case is extremely interesting 
because a review of the literature reveals few diverticula containing foreign bodies. 

Dr. Artour B. McGraw, Detroit: It was with some diffidence that I sub- 
mitted a paper with this title before an association all of whose members I was 
sure were alert to the serious implications of this anomaly. However, after the 
paper had been in the first stages a patient came in, o:!y six weeks ago, which 
made me feel that I was justified in bringing this up again. 

A sickly boy of around 12 years of age was brought to our clinic who one year 
before had undergone an appendectomy for alleged acute appendicitis through a 
1 inch (2.5 cm.) incision. His symptoms had not altogether been relieved. Shortly 


before his admission to our hospital he had the first of two severe intestinal 


hemorrhages ; the second occurred a few days before he came to us. At operation 


we found Meckel’s diverticulum only 12 inches (30 cm.) above the ileocecal 
junction. It had not only caused obstruction but it perforated and then finally bled, 
and it could easily have been found at the other operation. 
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HAT congenital diaphragmatic hernia in infancy may in a period 

of minutes become an urgent surgical emergency was recently 
brought to our attention. We were dealing with a 2 month old infant 
with diaphragmatic hernia, who, when first seen by the surgical staff, 
presented only mild symptoms of respiratory, cardiac and gastroin- 
testinal embarrassment, with spells of dyspnea, cyanosis and vomiting. 
Within three hours the child became markedly cyanotic and dyspneic 
and required immediate surgical intervention. We were strongly 
impressed by Harrington’s statement’ when he said: “Many infants 


born with these congenital hernias die in the first few hours or days 


of life due to respiratory and cardiac embarrassment before surgical 
intervention can be instituted.” This “near miss” encountered on our 
service at the Los Angeles County Hospital prompted us to review the 
cases of congenital diaphragmatic hernia occurring during the first year 
of life at that institution in the twenty years between 1929 and 1949. 
Congenital hernia in infancy until recently carried with it a rather 
high mortality. In a survey by Hedblom? in 1925 the mortality was 
75 per cent. After this there appeared surveys by Orr and Neff * in 
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per cent. In 1941 Ladd and Gross ° reported recovery in 12 of the 19 
infants operated on at the Children’s Hospital in Boston, a mortality 
of 37 per cent. In 1945 Donovan® reported 17 infants operated on at 
the Babies Hospital in New York. Thirteen of the 17 babies survived 
the operation, a mortality of 24 per cent. It is noted that since the 
survey of Hedblom there has been a steady decline in the operative 
mortality, and an increasing number of cases have been reported in the 
literature since the 1940 survey of Hartzell. 


EMBRYOLOGIC PATHOLOGY 


At least a diagrammatic knowledge of the embryology of the dia- 
phragm should be gained in order to cope with the several situations 





Fig. 1—Necropsy specimen of infant showing both pleuroperitoneal canals 
(foramen of Bochdalek). Canal on right is almost completely bridged with pleura 
and peritoneum, but with absence of muscle fiber. 


one might expect to encounter. In the early embryo there is a free 
communication between thoracic and abdominal contents, the closure 
of which can be compared with that of a pond or a small body of 
water. Freezing starts at the edges and approaches the center, which 
for a time remains covered with thin ice and finally closes over solidly. 


Similarly the diaphragm is formed by the gradual fusing of the ventral 


5. Ladd, W. E., and Gross, R. E.: Abdominal Surgery of Infancy and Child- 
hood, Philadelphia, W. B. Saunders Company, 1941, chap. 27, pp. 333-348. 

6. Donovan, E. J.: Congenital Diaphragmatic Hernia, Ann. Surg. 122:569- 
581, 1945. 








172 ARCHIVES OF SURGERY 


transverse septum with the dorsal mesentery to make a bridge from 
front to back. The posterior lateral part for a time remains, like the 
partially frozen pond, unbridged. This open area is called the pleuro- 
peritoneal canal (foramen of Bochdalek), of which there is one on 
each side (fig. 1). This is soon thinly bridged across with peritoneum 
below and pleura above. Finally muscle fibers develop between these 
two layers, completing the solid closure. This then constitutes the 


Fig. 2.—Necropsy specimen of infant with left foramen of Bochdalek hernia 
containing stomach and small intestines. 


most likely weak spot where congenital diaphragmatic hernia may 
occur in infancy. It occurs more frequently on the left than on the 
right. A hernia which has occurred before the bridging with pleura 
and peritoneum will not contain a sac, while one occurring after the 
bridging will contain a sac. According to the literature, most hernias 
do not. The contents of a left pleuroperitoneal hernia may contain 
stomach, spleen and a variable amount of small and large intestines (fig. 


Aw 


Those on the right usually contain liver and the small and large 
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intestines (fig. 3). This type can readily be differentiated from a con- 
genital absence of a portion of the diaphragm by the presence of at 


least a posterior ridge of the diaphragm which would not be present 


in a congenitally absent diaphragmatic leaf. There are other weak 
areas, however, where diaphragmatic hernia is occasionally seen in 
infancy. Next to that already mentioned is the esophageal hiatus 
(fig. 4). Although by far the greatest number of adult hernias occur 


-_ = = 


Fig. 3—Necropsy specimen of infant with right foramen of Bochdalek hernia 
containing liver and small and large intestines. 


in this area, it is but rarely involved in infancy. A third, and likewise 
rare, weak spot is the retrosternal area (foramen of Morgagni) 
(fig. 4). 


In the survey of Hartzell, cyanosis, dyspnea and vomiting were 


the most common findings in infants under 1 year of age, being the 


result of cardiac and pulmonary embarrassment. In the children over 


1 year the predominant symptoms were due to partial iritestinal 
obstruction. 
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If the abdominal contents are not within the thoracic cavity at 
birth, they may be sucked up as soon as the infant begins to cry. There- 
fore, in many cases trouble starts with the first cry after delivery. The 
more the baby cries, the more is sucked up and the greater becomes the 
respiratory and cardiac embarrassment, with the result that death fzom 
suffocation may occur in a matter of minutes or hours. Because this 
is coincident with birth, the condition is too often confused with other 
pathologic processes. 

INCIDENCE 

We selected only those infants who were less than 1 year of age, of 
whom there were 13, with 7 boys and 6 girls. Six were not operated 
on, and 7 were. We felt that each group should be studied separately 
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Fig. 4.—Three commonest types of congenital diaphragmatic hernia in infancy: 
A, foramen of Bochdalek (left), B, esophageal hiatus, C, foramen of Morgagni. 


as they presented somewhat different problems. The 6 who were not 
operated on died, and each was subjected to a postmortem examination. 


THE CLINICAL PICTURE 

Infants Not Operated On.—Symptoms of cardiac and respiratory 
embarrassment evidenced by cyanosis and dyspnea were most frequent. 
One infant was dead at birth, presenting also hydrocephalus and 
absence of the anterior abdominal wall. The other 5 infants lived 
one hour, two hours, two days and three days (2 infants), respectively, 
after birth. All 5 had dyspnea and cyanosis since birth, and 1 also 
had vomiting. The physical examination revealed retraction of the 
ribs in 3 and unilateral decreased or absent breath sounds were reported 
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in 3, with deviation of the trachea in 1. Roentgenograms were taken 
of 2 infants. The roentgenogram of the infant who lived two days 
was reported as suggestive of diaphragmatic hernia. The other roent- 
genogram, taken of the infant who lived three days, was reported as 
indicating possible esophageal atresia with esophageal and pleural 
fistula. The clinical diagnoses were recorded as follows: (1) respira- 
tory failure and cerebral accident; (2) respiratory and cardiac failure ; 
(3) congenital pulmonary atelectasis and possible hernia in the right 
and left diaphragmatic areas; (4) cerebral hemorrhage, dextrocardia, 





_ Fig. 5.—Roentgenogram of diaphragmatic hernia showing loop of intestine in 
right pleural cavity. 


enlarged thymus and possible cerebral edema; (5) respiratory failure, 
possible atelectasis and possible cerebral edema and (6) dead at birth. 


At postmortem examination all the infants had hernias through the 
pleuroperitoneal canals (foramen of Bochdalek). Four were on the 
left, and two were on the right. 


INFANTS OPERATED ON 
CasE 1.—This case was that of an 8 month old infant, seen in 1933, 
who presented symptoms of restlessness, fever and vomiting of one day’s 
duration. An examination revealed decreased breath sounds in the 
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left side of the chest, and a roentgenogram showed a diaphragmatic 
hernia. Transthoracic operation was performed, and a hernia through 
the left foramen of Bochdalek containing small intestine, transverse 
colon, spleen and stomach was found. The surgeon encountered 
difficulty in reduction, and therefore the incision was carried into the 
abdomen. The infant died of postoperative shock. 








IVARSV. 
COOK 





Fig. 6—Hernia of right foramen of Bochdalek containing small intestine, 
colon and right lobe of liver Insert shows subcostal incision for abdominal 
approach. 


Case 2.—A 3 week old infant, seen in 1941, presented symptoms 
of cyanosis and dyspnea of two weeks’ duration. There were dimin- 
ished breath sounds in the left side of the chest, where peristaltic 
sounds could be heard. A roentgenogram showed a hernia in the left 


diaphragmatic area. Transthoracic operation revealed a hernia through 


the left foramen of Morgagni, whose contents were stomach, spleen and 
small and large intestines. The infant died of empyema and 


meningitis. 
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Case 3.—An infant 13 days old, seen in 1942, had vomiting of three 
days’ duration. The heart was displaced to the right. There were 
impaired resonance and breath sounds in the left base and peristalsis 
was heard. A roentgenogram showed a hernia in the left diaphrag- 
matic region. Transthoracic operation revealed a hernia through the 














Small intestine 


Fig. 7.—Reduction of hernia. A, small intestine is being withdrawn; B, small 
intestine has been reduced and colon is being withdrawn. Liver remains in chest 
cavity. 
left foramen of Bochdalek containing small intestine and transverse 
colon. The infant recovered. 

Case 4.—An 11 month old infant was seen in 1942 with a one 
month history of anemia and weakness. A routine roentgenogram 
of the chest revealed nothing abnormal, but a roentgenogram with 
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barium sulfate showed a hernia in the right diaphragmatic region. 
Transthoracic operation revealed a hernia through the right foramen of 
Sochdalek containing only a portion of stomach. The infant died on 
the operating table. 

Case 5.—A 2 month old infant when first seen presented only mild 
svmptoms of respiratory difficulty and occasional vomiting. The staff 





Siver pulled 


rom chest 








Fig. 8.—A, hernial opening is enlarged to afford reduction of liver. B, liver 
brought down through enlarged opening. C, closure with interrupted silk sutures. 


was at first not impressed, but three hours later there were marked 


stridor and cyanosis. There was dulness at the base of the right lung and 


roentgenograms showed a hernia in the right diaphragmatic area (fig. 5). 
Oxygen, fluids and blood were given and operation performed with 
dispatch. A subcostal abdominal incision revealed a hernia through 
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the right foramen of Bochdalek (fig. 6) containing liver and small and 
large intestines (fig. 7). The opening was enlarged (fig. 8) to facil- 
itate reduction of the liver. The baby recovered; an intussusception 
which developed on the fourth day was reoperated on, and the child 
again recovered (fig. 9%). 

CasE 6.—A 6 week old baby was seen in 1948 who had been vomit- 
ing since birth. The findings were not conclusive for pyloric stenosis. 
Barium sulfate was given, and a roentgenogram showed a hiatus hernia 
(fig. 104). First, the left phrenic nerve was crushed in an attempt 
to release the hernia, but without effect. Four days later blood and 
fluids were given and the hernia repaired through a left subcostal 
incision. The infant recovered (fig. 10 B). 

Case 7.—A 7 day old baby was seen in 1949. There were cyanosis 
and dyspnea since birth. Breath sounds were diminished at the base of the 
left lung, and a roentgenogram revealed a hernia in the left diaphragmatic 
region. A hernia in the left foramen of Bochdalek containing stomach, 
spleen and the small and large intestines was found through a left 
rectus incision. Renal fascia was used in the repair. Evisceration of 
the wound occurred on the eighth day, requiring closure. The baby 
recovered, but after two weeks an intestinal obstruction from a band 
of adhesions developed. Reoperation was performed, but the infant 


died. Postmortem examination showed a good diaphragmatic repair. 


COMMENT 
In the infants not operated on symptoms of dyspnea and cyanosis 
appeared at birth or shortly after, and from the presumptive diagnoses 
made it is obvious that the condition was not recognized. Ladd and 
Gross *® and Donovan * have maintained that these infants will endure 


surgical intervention exceptionally well, even shortly after birth. It 


is imperative that in the presence of postdelivery cyanosis and dyspnea 


and occasional intestinal obstruction the possibility of diaphragmatic 
hernia be ruled out by immediate roentgenologic study. If a hernia is 
present, an emergency surgical procedure must be performed. 

As soon as the diagnosis is made, infants with respiratory embar- 
rassment should be placed in an oxygen tent and preparation made 
for the injection of blood and fluids in the leg. The phrenic nerve 
should be isolated, if time permits, to facilitate reduction and suture 
of the diaphragm as well as maintenance of the suture line by crushing 
the nerve at the proper time. The magnitude and the difficulty 
encountered in reducing the intestine through a thoracic approach seem 
to argue against this route. There are as yet no adhesions, and it is 
much simpler to pull the intestine down than to fight abdominal pres- 
sure from above 











Fig. 9—Postoperative roentgenogram showing reduction of hernia of right side 


of diaphragm. See figure 5. 








Fig. 10 1, roentgenogram showing esophageal hiatus hernia. B, postoperative 
roentgenogram showing disappearance of esophageal hiatus hernia, with some 
contraction of diaphragm. 
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The first four of the infants in this series were operated on by the 
thoracic route. The operative records clearly indicate that the sur- 
geon experienced considerable difficulty in affording a reduction. In 
one instance this could be accomplished only by converting the incision 
into a thoracic-abdominal one, and death resulted from shock. 

Donovan,® Ladd and Gross,> Harrington’ and others have used 
the abdominal approach in a large series of infants, with gratifying 
results. Pressure in the thorax may be equalized by a catheter slipped 
into the hernial opening, as recommended a number of years ago by 
Charles Mayo.* One need not hesitate to enlarge the opening in the 
diaphragm to facilitate reduction without trauma, especially when liver 
and spleen is encountered. Repair with interrupted mattress silk 
sutures completes the procedure, and oxygen, suction, fluid, blood and 
plasma are used postoperatively. 

With proper administration of oxygen, fluids and blood and with 
positive pressure anesthesia and an abdominal subcostal approach, a 
relatively low mortality should be expected and a large number of infants 
will thereby be salvaged. 


DISCUSSION 

Dr. Stuart W. Harrincton, Rochester, Minn.: I wish to compliment Dr. 
Baumgartner on his excellent presentation of what I believe is one of the most 
important problems associated with management of diaphragmatic hernia, that is, 
the diagnosis and treatment of these hernias when they occur in infancy. The 
problems associated with diaphragmatic hernia occurring in infancy differ a great 
deal from those associated with its occurrence in adult life. 

Dr. Baumgartner has pointed out that the most common types of diaphragmatic 
hernia encountered in infancy are the pleuroperitoneal hiatus and congenital absence 
of a portion of the diaphragm, which are due to structural deficiencies of the 
diaphragm. These types of hernia rarely have a hernial sac, and the herniated 
abdominal viscera are in direct contact with the thoracic viscera and interfere with 
the function of the lungs and heart. I wish to emphasize Dr. Baumgartner’s state- 
ment in regard to the importance of the establishment of a diagnosis of hernia as 
soon as possible as many of these infants are born with a rapid feeble pulse, are 
cyanotic and are often considered to have cardiac disease. When infants present 
symptoms of cardiac or respiratory difficulty, the thorax should be examined 
immediately, and if a hernia is present it should be treated surgically immediately. 

I believe that one of the chief dangers associated with the repair of these 
hernias is marked alteration of intrathoracic or intra-abdominal pressure. It is 
important in these cases that the respiratory function be maintained by positive 
pressure during the operation and that at the completion of the operation a negative 
pressure be obtained and secured in the thoracic cavity. A roentgenogram should 
be made at the completion of the operation to insure that there is no shifting of the 


7. Harrington, S. W.: Various Types of Diaphragmatic Hernia Treated 


eS 
Surgically. Surg., Gynec. & Obst. 86:735-755, 1948. 
8. Mayo, C. H.: Repair of Hernia of the Diaphragm, Ann. Surg. 86:481-484, 


1927. 
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mediastinum due to a pneumothorax. I do not permit the patient to leave the 
operating table until I have seen the roentgenogram. If there is any shifting of 
the mediastinum, more air is withdrawn to maintain the mediastinum in the midline. 

During the operation it is important to remove carefully the herniated viscera 
from the thorax directly into the abdominal cavity and not permit the intestine to 
be exposed or traumatized with sponges any more than is absolutely necessary, 
as this adds a great deal to the shock of the operation. Great care should be 
exercised in carefully replacing the viscera in the abdomen so as not to produce 
a volvulus or interfere with the blood supply. 

It is important to keep in mind that there may be other congenital defects or 
anomalies. In most pleuroperitoneal hiatus hernias on the left there is nonrotation of 
the right side of the colon. The right side of the colon, the cecum and the appendix 
are herniated into the left thorax, and the stomach, which often is markedly dilated, 
may extend to the lower region of the abdomen and the pelvis. When there is a 
large defect or absence of the posterior portion of the diaphragm, the kidney may 
be behind the pleura in the thoracic cavity. I have also found the small bowel 
enveloped in a congenital peritoneal fold which constitutes an internal hernia. In 


some instances there is a congenital malformation of the mesentery of both the 
large and the small intestine; when this condition is encountered, it is important to 


exercise great care in replacing the intestines into the abdominal cavity because 
of the danger of twisting the mesentery and obstructing the blood supply of the 
intestine. 

I am pleased that Dr. Baumgartner has found the abdominal approach satisfac- 
tory for repair of these hernias. I am sure that there will always be a difference 
of opinion on the advisability of repair of these hernias through an abdominal 
or thoracic approach or a combination of both. I prefer the abdominal approach 
for hernias on the left side of the diaphragm as I believe that the hernias can be 
more satisfactorily repaired and any existing complications or other congenital 
defects more readily recognized and corrected and that there is less risk of 
abdominal or thoracic complications. 

Dr. Conrad J. BAUMGARTNER, Beverly Hills, Calif: In line with what Dr. 
Harrington said about looking for other anomalies, I do know of 1 case in which 
the infant had a malrotation, and some weeks later, because the band across the 
duodenum, as described by Gross and Ladd, had not been cut a volvulus developed 
which turned out rather seriously. If one simply explored the band that goes across 
the duodenum in malrotation, one might save oneself some trouble 





MASSIVE HEMORRHAGE IN THE UPPER PART OF 
THE GASTROINTESTINAL TRACT 


Emphasis on the Atypical Type 


RALPH H. LOE, M.D. 
SEATTLE 


HE PERPLEXING problems of massive hemorrhage in the upper 

part of the gastrointestinal tract have been a source of controversial 
discussion for many years.!. The issues have simmered down somewhat 
and are now chiefly concerned with the proper management of the age 
group over 50. Recent papers have cast doubts on the widely held con- 
cepts regarding the advisability of surgical intervention in the elderly.’ 
Most of the previous studies made on massive hemorrhage in the upper 
part of the gastrointestinal tract came out of public institutions, mixed 
services and coroners’ office reports, in which other factors such as family 
indifference, ignorance, poor housing and malnutrition may have played a 
part in the high death rates usually quoted. 

A review of cases of massive bleeding in a private hospital with a 
qualified staff might reveal differences in the end results of therapy. The 
records of Swedish Hospital, a private general hospital of 400 beds, 
with an annual admission of 13,000 patients, were studied. In a period 
extending from 1943 to the first part of 1949 inclusive, 94 cases were 
selected from the material. During most of this time, blood was easily 
available through a community blood bank. Melena or hematemesis 
must have been present. 

Only those cases satisfying the criteria of massive hemorrhage given 
in table 1 were included in this study. 


CASES OF ULCER 


Patients with various types of ulcer (table 2) constituted 73 per cent 
of all those with massive gastrointestinal hemorrhage in the survey; 71 


per cent of these were 50 years of age or older. 


Read at the Fifty-Seventh Annual Meeting of the Western Surgical Associa- 
tion, Santa Barbara, Calif., Dec. 1, 1949. 

1. Allen, A. W.: Acute Massive Hemorrhage from Upper Gastrointestinal 
Tract, Surgery 2:713 (Nov.) 1937. Finsterer, H.: Operative Treatment of 
Severe Gastric Hemorrhage of Ulcer Origin, Lancet 2:303 (Aug. 8) 1936. 

2. (a) Costello, C.: Massive Hematemesis: Analysis of 300 Consecutive 
Cases, Ann. Surg. 129:289 (March) 1949. (b) Fraser, R. W., and West, J. P. 
The Management of Bleeding Duodenal Ulcers, Ann. Surg. 129:299 (March) 1949 
(c) Lewison, E. F.: Bleeding Peptic Ulcer: Arch. Surg. 59:37 (July) 1949 
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In the medically treated group there was 1 death among 52 patients, 
or a mortality rate of 1.9 per cent. Sixty-one per cent of these patients 
were over 50. An average of 4 units of blood was used. Seventeen 
patients were subjected to surgical intervention, without a death. This 
is an unusual record, but in view of the almost similar medical record 
it does not indicate tnat surgical treatment is preferential. Ten different 
surgeons operaied on these patients ; eight were members of the American 

3oard of Surgery, and two, senior surgeons, were members of the 
American College of Surgeons. 

An analysis of the surgically treated patients with ulcers shows that 
70 per cent were above the age of 50. An average of 11 units of blood 
was employed to restore the blood volume. Only three operations were 


TABLE 1.--Criteria for Selection of 94 Cases of Massive Gastrointestinal 
Hemorrhage 


No. of Cases 
Admitted in shock 
Hemoglobin below 50% 
Red blood cell count below 3,000,000. ...............0ceeee 


TABLE 2.—Analysis of Hemorrhage in Ulcer Group 


Sex Medi- Sur- 
Total - son -— Above Below cal No.of gical No. of 
Source of Bleeding No. Male Female 50 50 Cases Deaths Cases Deaths 
Duodenal ulcer ghee 49 ¢ 33 17 38 1 ll 
Marginal ulcer...... er 1 0 : 


0 
Gastric ulcer.. 8 
9 


Ulcer in diaphragmatie hernia 


DORE: isn cnicds sede 69 


performed within the first forty-eight hours of hemorrhage ; the remainder 
were scattered up to twenty-one days after the onset of bleeding. It 
does not appear from the records that any of these patients were per- 
mitted to remain in a state of shock for any period, a most important 
point in all age groups. In 8, active bleeding had ceased at the time of 
operation. Partial gastric resection, with removal of the ulcer, was 
performed in 15 cases; suture was done in 2 cases, and in 1 of these 
hemorrhage recurred, forcing the surgeon to a second operation, in 


which the ulcer was excised and the defect closed. 
ATYPICAL CASES 
The atypical group constituted 27 per cent of the series, a figure 


comparable to that reported by other authors. Table 3 shows the types 


of cases included; those listed as miscellaneous were cases of gastritis, 
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leiomyoma of the jejunum, thrombopenic purpura, terminal progressive 
muscular atrophy with duodenal ulcer, hemophilia and carcinoma of the 
pancreas with gastric ulcer. 

Sixty-four per cent of the patients were over 50 years of age; among 
the medical cases there were 3 deaths (18 per cent). It is an interesting 
fact that the same group of surgeons who did so remarkably well with 
the group with ulcer could not achieve less than 44.4 per cent mortality 
in the atypical group. 

The use of cardioesophageal balloon compression,’ with a modified 
Miller-Abbott tube or a Patton tube,** would seem to be an improved 
method of controlling hemorrhage from esophageal varices and might 
have eliminated 2 deaths in this series. 

All the surgical deaths in the atypical group occurred in patients with 
carcinoma or cirrhosis of the liver. These diseases present nutritional 
problems, such as protein deficiency, which multiply the hazards of 


Tasi_e 3.—Analysis of Hemorrhage in Atypical Group 


Sex Medi Sur 
Total — Above Below eal No. of gical No. of 
Source of Bleeding No Male Female 50 50 Cases Deaths Cases Deaths 


Gastric and esophageal varices 


Undetermined 


4 
Carcinoma... é 3 1 
1 
9 


Miscellaneous 


Total ‘ a) 7 8 


exsanguination, obviously increasing surgical risks. There were three 
preoperative errors of diagnosis in this group. In 2 cases, diagnosed as 
cases of peptic ulcer, the condition was proved to be carcinoma, and in 
1 carcinoma of the pancreas was associated with a gastric ulcer. 

In this section are found most of the cases in which the surgeons 
failed to find the bleeding point; this in itself is a strong argument for 
nonmanipulative roentgen examination prior to emergency operation 
and also for delaying operation. 

Medical control of bleeding is, by all criteria, the ideal form of 
therapy, provided constant supportive measures are maintained. Two 
or three weeks after cessation of hemorrhage, roentgen examination, 
esophagoscopy and gastroscopy should be done as necessary to make a 
diagnosis. In 1 case, after the patient’s fourth admission to the hospital, 
3. Kenamore, B., and Elliott, G.: The Control of Esophageal Hemorrhage 
by Pneumatic Tamponade and Thrombin, Gastroenterology 13:73 (July) 1949 
Barnett, C. B., and Cohen, S.: The Management of Massive Esophageal Hemor- 
rhage with Tamponade and Thrombin, Gastroenterology, 13:144 (Aug.) 1949 

3a. Patton, T. B., and Johnson, G. C.: Method for Control of Bleeding from 
Esophageal Varices, Arch. Surg. 59:502 (Sept.) 1949 
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the source of hemorrhage was localized 1 foot (30 cm.) beyond the 
pylorus by continuous aspiration after the gradual introduction of a 
Miller-Abbott tube; at operation a leiomyoma of the jejunum was found 
within 6 inches (15 cm.) of the mark indicated on the tube. 


DEATHS 


The over-all mortality rate in the 94 cases was 9.57 per cent; for the 
group with ulcer it was 1.4 per cent, and for the atypical group it was 28 
per cent. 

In the series with ulcer there was 1 death among the medically treated 
patients. This occurred in a man 70 years of age, with a red blood cell 
count of 1,800,000, who received no nourishment or antacids and but 
2 units of blood. He died on his third day in the hospital. There were 
no fatalities among the 17 surgically treated patients with ulcer. 

The remaining deaths were in the atypical group. The following 
is a brief résumé of those dying after surgical intervention. 

A man aged 54 who had carcinoma of the head of the pancreas, with a 
restored prothrombin level, suffered a massive gastrointestinal hemor- 
rhage two days before an operation had been planned. The hemorrhage 
was temporarily controlled by massive transfusion, frequent feedings and 
antacids. After a second massive hemorrhage an emergency laparotomy 
was done; a freely movable mass was present in the head of the pancreas, 
but there was no other palpable evidence of disease either in the duodenum 
or in the stomach. Incision of the dilated first portion of the duodenum 
revealed no fresh blood but did disclose that the tumor had ulcerated 
through and partially obstructed the duodenum in the ampullary area. 
A gastroenterostomy and a choledochojejunostomy were performed. 
The patient succumbed on his fourth postoperative day from another 
massive hemorrhage; a total of 20 units of blood was administered as 
well as food at frequent intervals, antacids, thrombin topically and vita- 
mins K and C. Postmortem examination revealed the source of bleeding 
to be a superficial gastric ulcer in the lesser curvature of the stomach. 

A 69 year old man died from sepsis and inanition thirty-three days 
after gastric resection for carcinoma of the stomach. 

A man 50 years of age, operated on on the fifth day of hemorrhage 
for presumed duodenal ulcer, was found to have an inoperable carcinoma 


of the stomach. An exploration, with removal of a biopsy specimen, was 
done, and death occurred on the fourth day from recurrent bleeding. 


An operation performed on a 50 year old man, thought to have 
a duodenal ulcer on previous roentgen examination, disclosed an advanced 
carcinoma of the stomach. A palliative gastric resection was done seven 
days after the onset of hemorrhage; death came twelve hours later from 
persistent bleeding. 
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A 52 year old man died after a splenorenal shunt and splenectomy 
for cirrhosis of the liver and esophageal varcies. Bleeding had recurred 
on the day of operation, but the intervention was performed despite this. 

There were 3 deaths among the nonsurgical cases of atypical massive 
hemorrhage. A 62 year old patient with terminal progressive muscular 
atrophy and duodenal ulcer died on the fourth day after his admission. 
His primary disease was believed to be in a terminal state, and therapy 
was not extended although 3 units of blood were administered. A 


hemophiliac 38 years of age died of massive hemorrhage in the upper 


part of the intestinal tract. The exact site of bleeding had not been deter- 
mined; 11 units of blood failed to change the result. A woman aged 38 
with esophageal varices and portal hypertension died twenty-four hours 
after her admission; 3 units of blood were utilized. 

To summarize, in the entire series all the deaths except one occurred 
in the atypical group. The death of the medically treated patient with 
ulcer can be attributed to inadequate therapy as previously mentioned. 
The possible salvage in the remainder of the cases, with any form of treat- 
ment, would have been small and will be discussed later. 


COM MENT 


The strikingly low mortality in both the operative and the non- 
operative groups with ulcer implies that a part is played by socionomic 
forces as well as by good medical care. The death rate in the two groups 
is so small that no advantage accrues to either method of therapy. 

It is indeed surprising that for so many years physicians refused 
to give transfusions to patients suffering from hemorrhage in the upper 
abdominal area for fear of blowing out the clot. The much greater 
importance of restoring blood volume was not appreciated. World 
War II demonstrated the value of restoring blood volume. The publi- 
cation by Costello** crystallizes the growing opinion that adequate 
replacement of lost blood is the keystone to good therapy in the aged. 
He pointed out that the pathologic examination of eroded arteries from 
the base of a chronic ulcer in older persons frequently shows the 
presence of antemortem clots, with little or no blood within the stomach 
or duodenum. His analysis of 300 cases with a 25 per cent mortality 
showed that extremely small quantities of blood had been given. Death 
was attributed not to continued hemorrhage but to complications of 
diminished blood volume. In the presence of inadequate blood volume, 
tissue anoxia results in irreversible changes. After this study, 73 
patients were treated by adequate blood replacement in addition to 
frequent feedings. Fifty-one of these 73, or 70 per cent, had reached 
or passed the fifth decade of life. The mortality dropped to 4 per cent. 
No death occurred in the group with ulcer; this would suggest. that 
surgical intervention has little place in the management of acute hemor- 
rhage from the upper part of the intestinal tract. 
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The records analyzed in this series of cases confirms the advantage 
of giving large quantities of blood, particularly in the older group.* 
Actually, regardless of the age of the patient, an eroded vessel at the 
base of an ulcer can retract but little. If that is true, an arteriosclerotic 
vessel should thrombose more readily than a normal one. Witness the 
incidence of cerebral thrombosis and coronary thrombosis in older 
persons. 

Other Therapeutic Adjuncts.—In this survey there was no uniformity 
among the other features of therapy except that frequent feedings of 
various types were universally employed. In many, vitamins K and C 
were specifically mentioned, and thrombin was used topically in a few. 
Frequent feedings have a twofold purpose: the maintenance of nutrition ° 
as well as the adsorbing effect on gastric juices, which decrease clot 
digestion. Antacids were used in most patients. The use of nocturnal 
neutralization, either by mouth or by continuous drip, appears to me to 
be of great importance and is often neglected. On several occasions 
a continuous drip of aluminum hydroxide proved a decisive factor in 
controlling hemorrhage.® Intubation is condemned by some, but I have 
seen no ill effects from its use. In addition to its value for feeding and 
administering antacids, periodic aspiration may reveal the presence of 
continued bleeding. 

Topical use of thrombin in the presence of an alkaline medium has 
been advised,’ but whether it contributes anything more to the value of 
frequent meals and neutralization seems doubtful. The use of sedation is 
of value in relieving the anxiety state almost always present in these 
cases. 

Surgical Treatment.—The importance of maintaining blood volume 
was greater among the elderly patients who were operated on than 
among the medically treated ones. 


The surgical records on ulcers show that it is not necessary to operate 


on the older patients within forty-eight hours if blood volume is kept 


within reasonably sustained limits. Blood pressure recordings are made 
hourly, and any drop below 100 mm. calls for enough blood to bring 
it above that level. Two units of blood are kept in the refrigerator 


4. McClure, R. D., and Fallis, L. S.: Surgical Treatment of Bleeding Peptic 
Ulcer, Ohio State M. J. 43:605 (June) 1947. 

5. Meulengracht, E.: Further Results with the Treatment of Massive Gastric 
Hemorrhages Without Limitation of Food Intake, Miinchen. med. Wehnschr. 
84:1565 (Oct. 1) 1937. 

6. Woldman, FE. E.: The Treatment of Massive Gastro-Duodenal Hemorrhage 
by the Continuous Administration of Colloidal Aluminum Hydroxide (A Report 
of 144 Cases), Am. J. Digest. Dis. 8:39 (Feb.) 1941. 

7. Daly, B. M.; Johnston, C. G., and Penberthy, G. C.: The Management of 
Patients with Bleeding from Upper Gastrointestinal Tract with Buffer and 
Thrombin Solution, Ann. Surg. 129:832 (June) 1949, 





LOE—HEMORRHAGE IN GASTROINTESTINAL TRACT 189 


night and day. If shock states are avoided completely and nutrition 
maintained, surgical intervention can be done at any time the evidence 
points to continued uncontrollable bleeding. 

The service of a special nurse is extremely valuable for frequent and 
continuous checking of the pulse, blood pressure and clinical condition 
of the patient. Repeated hemoglobin and hematocrit determinations 
give a rough value of blood loss. After hemodilution has occurred, 
they indicate fairly well the blood status of the patient. No blood volume 
determinations were available in our series. 

If the time arrives when the evidence points to a failure to control 
the hemorrhage, then surgical intervention should be undertaken. As 
the records are reviewed, the indications for surgical treatment become 
less obvious and the impression is gained that actually few patients need 
be subjected to operation. 





Gelfoam 


B ‘\ Gastroduodenal artery € 











Fig. 1—A, ulcer in posterior duodenal wall showing relationship to gastro- 
duodenal artery. B, cross section of ulcer illustrating tangential erosion of gastro- 
duodenal ulcer. C, sutures placed above and below ulcer are tied and the long ends 
used to hold gelfoam® over crater. 


The disadvantages of emergency operations in cases of massive 
gastrointestinal hemorrhage are obvious when the low medical mortality 
rate is considered. 

Massive hemorrhages in the upper part of the gastrointestinal tract 
are emergency problems and occur in patients in small communities as 


well as in those in large ones. Certainly in those cities where expert 


gastric surgeons are not available inexpert surgical intervention only 
jeopardizes the life of the patient. 


When surgical intervention is performed by skilled hands, excision 
of the ulcer, with a partial resection of the stomach, is the procedure of 
choice. The less apt operator and even the expert one may, in ¢om- 
plicated situations, be forced to use local suture (fig. 1). I think it is 
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sometimes forgotten that in cases of ulcer of the posterior duodenal wall 
the gastroduodenal artery may be opened on its side. In these circum- 
stances there is a technic, shown in the illustrations, that may be held in 
reserve. This may be followed by a partial resection, excluding the 
ulcer, or gastroenterostomy and vagotomy. There are some who 
advocate partial gastric resection even when the bleeding point cannot 
be found. This seems to me an unwise procedure and certainly of no 
avail for such conditions as diaphragmatic hernia with ulcer, esophageal 
varices or leiomyoma of the small intestine, types of cases reported in the 
atypical group. Direct inspection of the stomach, duodenum and lower 
end of the esophagus by a technic to be described is preferable to such 
a move. 














Fig. 2.—A, inspection of the stomach with a “scope” 15 cm. in length and 


2.25 cm. in diameter. Rubber-covered clamps at pylorus prevent regurgitation of 
fluid and escape of air. Balloon in esophagus serves the same purpose. 8, inspection 
of the lower end of the esophagus with a “scope” 25 cm. in length and 1.75 cm. 
in diameter. C, inspection of the duodenum with a “scope” 15 cm. in length and 
2.25 cm. in diameter. The rubber clamps have been shifted to the distal third of 
the stomach and the first part of the jejunum; moderate air distention and gentle 
instrumentation are important. 


Losing the patient, previously described, with a carcinoma of the 
head of the pancreas and a superficial bleeding ulcer which I could 
not find was a personal humiliation. This frustrating experience, 
together with others in past years, prompted me to devise a direct 
visualizing method, which is probably not original with me, although 
I cannot find any reference to it in the literature. Twelve years’ work 


with gastroscopy suggested bringing this procedure to the operating 
table when the usual routine exploration failed (fig. 2). Digital 


examination is performed through an incision made in the distal third 
of the stomach. This failing, an open end gastroscope with an insuf- 
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flating mechanism is introduced and held in place by a snugly tied purse- 
string suture. Rubber-covered intestinal clamps are applied to confine 
the air and to prevent reflux of blood and other juices into the area 
under examination. If intratracheal anesthesia is employed, packing the 
pharynx with wet gauze prevents the upward escape of air. A slightly 
distended balloon in the esophagus will serve the same purpose. While 
I have not as yet had occasion to employ this method in locating a 
bleeding point, I have made use of it to inspect lesions in the fundus of 
the stomach, lower portion of the esophagus and second portion of the 
duodenum; when the gallbladder is squeezed, the point of bile escape 
will locate the ampulla. Three scopes of varying size are in the operating 
room set-up, as well as a biopsy punch, aspirating tube and coagulat- 
ing tip.* 
SUMMARY 

The records of 94 private patients with massive hemorrhage in the 
upper part of the gastrointestinal tract treated in a private institution 
during a period when blood was freely available were examined. The 
total mortality was 9.57 per cent. 

Regardless of the age involved, the mortality rate among the patients 
with ulcer was 1.4 per cent. On the other hand, the mortality in the 
atypical group was 28 per cent. It would appear that any beneficial 
economic factor accounting for the low death rate in the series with ulcer is 
nullified in the cases of atypical hemorrhage. The conclusion that a 
nutritional element associated with chronic diseases, especially cancer 
and cirrhosis of the liver, accounts for much of this discrepancy seems 
warranted. Major replacement of lost blood in the aged is of the utmost 
importance, and if blood volume is well maintained, surgical intervention 
can be deferred until the failure of medical means is manifest. 

Continuous neutralization of gastric juices, by the use of either food 
or alkali, is valuable in preventing clot digestion. 

The atypical cases of hemorrhage emphasize the pitfalls of emer- 
gency surgical procedures in contrast to the advantage of accurate 
diagnosis and elective treatment. 

The use of pneumatic tamponade appears to be a promising method 
of controlling the bleeding from esophageal varices. In less populated 
areas, where expert gastric surgeons are not available, surgical inter- 
vention should seldom be resorted to. 

The small residue of patients, regardless of age, in whom medical 
management fails will be selected for operation on an individual basis 


8. The three scopes used came from Miller Surgical Company, Chicago. The 


sigmoidoscopes put out by this company seemed to fit my purpose, and I had a 
small one made to slide into the duodenum. 
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dependent on close clinical observation, repeated blood studies and 
aspiration of the stomach. 


Gastric resection when the source of hemorrhage cannot be found 
is injudicious, as the bleeding point may well be outside the portion of 


the stomach removed. Direct inspection of the stomach, duodenum and 
esophagus by means of a sigmoidoscope and air inflation should help in 
solving this problem. 

DISCUSSION 

Dr. Henry N. Harkins, Seattle, Wash.: I want to confine my remarks to 
aspects of Dr. Loe’s paper which concern the typical cases or, in other words, the 
cases of bleeding peptic ulcer, and to point out that he has done something well 
which according to the literature has not always been done accurately. 

In several of the articles in the literature the comparison may be made between 
things that are not comparable. For example, in Costello's article the mortality 
after medical and surgical treatment without large amounts of blood in 300 cases 
is 25 per cent, whereas the medical treatment with adequate blood is 4 per cent. 
These two methods are not at all comparable, because there are more variables 
than there are factors considered and to make a comparison both the medical and 
the surgical patients should have received adequate blood. 

From other articles in the literature it seems that the quantity of blood given 
is more important than whether the patients are treated medically or surgically. 
In Dr. Loe’s article the mortality in both medical and surgical cases was below 
2 per cent in each instance, but he specified that a large amount of blood was given 
in both groups. Therefore, these two groups are comparable when blood is given 
in both. 
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